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Some Results for the Test of Scientific Thinking 


SAM STRAUSS 
Akron, Ohio 


Purpose and Plan of the Investigation 

This paper presents the results of an attempt to measure the skill of 
high school students in their use of certain of the elements of scientific 
thinking. Downing’s test, Some Elements of Scientific Thinking,* was used 
for this purpose. The test consists of fifteen parts or problems, each of 
which tests one element of scientific thinking or one of the safeguards to be 
thrown around the process. The test is broad enough to cover the field 
thoroughly, simple enough for high school pupils to take, and brief enough 
to be administered in a single high school class period of forty-five minutes. 


Method of Procedure 

The test was administered in March, 1930, to 1,343 pupils in the 
8th, 9th, 10th, 11th, and 12th grades in Garfield High School, Akron, Ohio. 
Each pupil’s paper was scored by simply counting the number of errors 
he made on each problem. The pupils were then divided into three groups. 
Group “A” consisted of those who made no errors or very slight errors 

* Published by E. R. Downing, The University of Chicago, Chicago, Illinois. 
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on any problem, and who may be said to have shown mastery. Group 
“C” included those who made serious errors’on any problem. The other 
pupils were lumped into group “B.” Each problem was considered in- 
dividually, so that any pupil might be in group “A” in some problems, 
in group “B” in others, and in group “C” in the rest. The size of the 
groups also varied from problem to problem. 

In finding correlations between the test and the intelligence of pupils, 
it was necessary to rank the pupils on their answers to the test as a whole. 
This was done by assuming that each problem in the test was of equal 
weight, then assigning a value of 1 to group “C,” 2 to group “B,” and 
3 to group “A.” The total number of points on the test was assumed to 
be the pupil’s score. The scores were correlated with the scores of the 
same pupils on a general intelligence test of recognized merit. 


Recognizing a problem 
Observation 

Testing the hypothesis 
Synthesis 

Seeing relationships 

Fertility of hypothesis 
Drawing conclusions from data 
Arranging data 

Selective recall 

Seeing inadequacy of data 
Formulating and testing hypothesis 
Prejudice 

Essential relationships 
Analysis 


Reasoning by analogy 





Ficure 1.—The ranking of fifteen elements of scientific thinking in their order of 
difficulty for 1343 high school pupils: Group “A” (solid bars), Group “B” (shaded 
bars) and Group “C” (white bars). 


Results 
1. Which of the elements of scientific thinking are practiced most? 
W hich least? 
The ability to recognize a problem, the ability to observe (i.e. two of 
the first steps in the thinking process) seem to be the best mastered of 
the elements studied. On the other hand, the ability to reason, to analyze, 
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and to see essential relationships seem to be the least developed of these 
processes. The remaining elements fall between these two. It was notice- 
able that while the ranking of the mastery, or “A,” group of pupils is in 
a certain order, the poorest, or “C,” group do not rank in the reverse 
order, as would be expected. (See Figure 1.) 


2. Do boys think better than girls? 


In a comparison made between the thinking abilities of 676 boys and 
667 girls, it was found that, in general, there is but little difference between 
them. In some elements the boys exhibit greater ability, in other cases 
the girls appear superior, but in no case is the difference more than 10 
per cent. The differences in superiority were balanced against each other 
and it was found that on the average the boys surpassed the girls by 
slightly more than 1 per cent on each problem. 

3. Does scientific thinking improve with rise in grade status? 

The results of each of the fifteen problems were carefully examined 
to discover if pupils grew in their ability to think as they advanced from 
the 8th to the 12th grade. Considering only the number of pupils who 
were in or who later reached to the status of group “A,” it was found that 
the improvement ranged from —7 per cent to +62 per cent on the dif- 
ferent problems. On the whole the increase in size of group “A” during 
the four years was 22 per cent. Six per cent increase was shown during 
the first year, 7 per cent increase during the second, 5 per cent during 
the third, and 4 per cent during the last year of school. In other words, 
more pupils increase in their power of scientific thinking during the 10th 
grade than in any other, and the least increase comes in the 12th grade, 
though the differences are slight. 

This measures the increase in the number of pupils who achieved 
mastery but it does not indicate what happened to the other groups. Upon 
analysis it was found that the “C” group decreased 22 per cent in number 
during the same period, while the “B” group remained the same in size. 
In other words, 22 per cent of the poorest group of pupils increased in their 
ability to think sufficiently to move into the middle group, while 22 per 
cent of the middle group improved to the extent that they could be classi- 
fied in the highest group. Altogether, 44 per cent of the pupils improved 
in their ability to think scientifically to such a degree that the improvement 
was marked enough to measure; the remaining 66 per cent showed no 
measurable rise in thinking skill, though they were also subjected to an 
extended period of training in high school, one of the chief purposes of 
which is supposed to be to train pupils to think. 

As a partial check on these results, the same test was administered to 
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161 students in the Teachers College of the University of Akron. It was 
found that while the freshmen in the college group showed an increase in 
the size of the mastery group of 6.8 per cent over the pupils in the 12th 
grade, there was little improvement during the subsequent years. Among 
these college students from 51 to 54 per cent, or slightly more than half 
of the group, showed that they had mastery over the fifteen elements 
of scientific thinking on which they were tested. The changes in the size 
of the mastery group on various grade levels are shown in Table I. 

4. Does scientific thinking improve with increase in chronological age? 

While a distinct improvement is shown by pupils as they advance from 
one grade to the next, there is no such marked change with increase in 
age. Between the ages of 13 and 18, a period of 5 years, the size of group 


TABLE I 


CHANGES IN THE SIZE OF THE MASTERY GROUP WITH THE CHANGE IN GRADE STATUS 


High School College 
Grade 8s | 9 |10 | 11 | 12 | 13 | 14| 15 | 16 
Number of pupils tested 277/449 «|277 [199 |141 | 83 | 47 | 21 | 10 


RES ae. e 
\verage per cent in “A” group | 22.6 28.6 35.6 | 40.5 | 44.6} 51.4) 51 | 54 | 52 
“A” increases 9.6 per cent, or less than 2 per cent for each year. If the 
comparison be made between the 12-year olds and those who were 19 


(there were only 4 of the former and 16 of the latter), the increase in the 


TABLE II 
CHANGES IN THE SIZE OF THE MASTERY GROUP WITH THE CHANGE IN CHRONOLOGICAL AGI 


Ages } 12 [13 |14 [1s | 16 | 17 | 18 | 19 


Number of pupils tested 4 |152 |304 |355 264 181 | 65 16 


Average per centin “A” group] 30 27.8 | 30.5 | 30.3 | 34.9 | 36.5 | 37.4 | 32.4 


size of group “A” is only 2.4 per cent. Practically all of the increase in 
ability appears to come between the ages of 13 and 14 (2.7 per cent), and 
15 and 16 (4.6 per cent). Between the ages of 12 and 13, and between 
18 and 19 there seems to be an actual decrease in the size of the best 
group of thinkers. In short, as shown in Table II, the age of a pupil ap- 
pears to have relatively. little to do with his mastery and use of the ele- 
ments of scientific thinking. 





-™ 
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5. Is there any relationship between general intelligence and the ability 
to think? 

To find the relationship between general intelligence and the ability to 
think, a correlation was made between the intelligence quotients of a group 
of 90 pupils in the 10 B grade, as determined by the Otis Intelligence Test, 
Higher Examination, and the individual scores on the Downing Test of the 
same pupils. It was found that the correlation was .64 +-.04, indicating 
that there is some relationship between thinking and general intelligence, 
though this relationship is not very marked. 

Summary 

Though this investigation is by no means a final answer to the ques 
tion of how well pupils think and what errors they make in their think- 
ing, yet it gives, in a measure, a hint of what the actual situation may be, 
and suggests that this is a worthwhile field for further research. 

In the study of 1,343 high school pupils who took the Downing test 
it was found: 

(1) Not all of the elements are equally well mastered, or used equally 
well. Some are handled much better by most pupils than are others. 

(2) There is almost no difference between the thinking ability of boys 
and girls. 

(3) Forty-four per cent of the pupils show a noticeable improvement 
in their thinking ability during the interval between the 8th and 12th 
grades. There is an increase of 22 per cent of the pupils who advanced in 
the best group of thinkers who show mastery. This increase is about 
equally distributed through the high school years, and continues at ap 
proximately the same rate into college. 

(4) Among the chief group of pupils considered, those from 13 to 18 
years of age, less than 10 per cent show an increase in their skill in the 
use of the elements of scientific thinking. The increase is unevenly dis- 
tributed, most of it coming between the ages 13 to 14, and 15 to 16. It 
may fairly be said that, generally speaking, pupils do not become better 
thinkers because they grow older. 

(5) Ina group of 90 pupils taken as a fair sampling, there is a positive 
correlation of .64 +.04 between ability to think and general intelligence. 








Natural Science Education in German 
Elementary Schools—il” 


Lois MEIER SHOEMAKER 
State Teachers College, Trenton, N. J. 


Program and Aims for Natural Science 

In all German elementary schools natural science takes its place as a 
subject of the curriculum in the fifth grade. Some form of natural science 
is taught in every grade from the fifth through the eighth, which marks 
the close of the period of regular school attendance for approximately 
seventy per cent of the German school children. As already stated, prepara- 
tion has been made in the Heimatkunde of the Grundschule for the science 
study which follows in the four upper grades of the elementary school. 
About one-tenth of the total curriculum program is devoted to natural 
science in Prussia. 

A comparative compilation of the programs for natural science in the 
elementary schools of various states for both boys’ and girls’ classes is 
given in Table II. The last column in each case indicates the per cent 
of the total number of hours in the school program for the four grades 
which is devoted to natural science. A study of the figures in Table II 
shows considerable variation in the number of hours devoted to instruction 
in natural science each week, ranging from a minimum of two in the fifth 
grade to a maximum of five in the eighth grade. From two in the fifth grade 
to three or four hours in the remaining three grades seems to be a cus- 
tomary allotment of time. There is no significant difference in the boys’ 
and girls’ programs. 

For comparative purposes the suggested programs for natural science 
in three American states have been set up alongside that of the required 
program for the German state, Prussia (the latter program has been re- 
duced to minutes per week for purposes of comparison). The American 
programs given have been selected as typical for other American states. 

A comparison of time allotments in the three American states shows 
little agreement as to the amount of time which should be devoted to 
natural science education in elementary schools. In making a comparison 
with the Prussian time allotment it must be remembered that the natural 
science material in German schools is a part of an integrated study in- 
volving geography and history, which are taught as separate subjects in 
most American schools. 

*Part I of this article appeared in the October issue of SctENCcE EDUCATION. 
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TABLE IT 
PROGRAM FOR NATURAL SCIENCE IN THE Four Upper GRADES OF THE ELEMENTARY 
SCHOOLS IN THE VARIOUS GERMAN STATES ® 


State Grade | Percentage 
- - sae Tes A es of Total 
(Boys’ Schools) 5 | 6 7 8 Total Subjects 
Baden 2-4 2-4 2-4 2-4 | 8-16 6.3-12.5 
Bavaria 2 2 3-2 3-4 10 8.6 
Hamburg 4 3 3 5 15 11.9 
Hesse = Se 3 3 10 7.8 
Prussia 2 3-4 4 3 1213 10.2 
Saxony 2 2 3 3 10 8.8 
Thuringia 2 2 4 4 12 10.3 
Wiirttemberg 2 2 4 $.35 11.5 | 10.2 
(Girls’ Schools) 

Baden 2-4 2-4 2-4 2-4 8-16 6.3-12.5 
Bavaria 2 2 3-2 2 9-8 7.5-— 6.7 
Hamburg 3 3 3 4 13 10.3 
Hesse 2 2 3 3 10 7.8 
Prussia 2 2-3 3 3 10-11 8.9-10.7 
Saxony 2 2 3 3 10 8.8 
Thuringia 2 2 . 4 12 10.3 
Wiirttemberg 2 2 3 3.5 10.5 | 11.9 


Figures in the last four grades are more comparable. There is no agree- 
ment between American states as to time allotment for natural science. 
The Prussian elementary schools, and all other German schools (see Tables 
I and II) give more time to natural science education than do American 
schools. In this connection the reader must also remember that natural 
science education is compulsory in all German schools, whereas in American 
schools natural science education is voluntary in most states and the de- 
cision rests with the individual cities as to whether it shall be a subject 
of the curriculum. In California where a number of progressive cities are 


TaBLe III 


PROGRAMS FOR NATURAL SCIENCE IN VARIOUS STATES IN MINUTES PER WEEK’ 


Grade 
F ae otal 
Rte 2 | - 
_ 1 2 3 4 5 6 7 8 
*a bt | a b a b a b a b a b a b a b a b 
California 25 2%| 25 2%| 28 2%) 28 2%) 20 1%) 20 1%) 20 1%) 25 2%) 185 2% 
Massachusetts...| 60 5% 60 5%] 60 5%] 60 5%) 60 4%) 60 4%/120 8%120 8%) 600 79, 
New Jersey t45 3%\245 3% 60 4%) 75 5% 75 $%| 75 5%| 40 3%) 40 3° 440 3% 
2 + + ° 4 ’ - seu 7 
Prussia 135 17%|135 14%|450 39%|495 39%) 90 7%)135 10%/180 13%)135 10% 1755 17% 


* Minutes per week. _ 
+t Percentage of total time ) 
t Nature study and geography combined. 
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giving much attention to natural science education in the elementary 
schools, natural science is but one of a list of electives, from which three 
are selected for teaching in addition to the twelve compulsory subjects of 
the state curriculum. 

A study of German programs and courses of study of individual cities 
indicates that the natural science material is customarily divided into 
natural history or biological material (Naturgeschichte), and chemistry and 
physics (Naturlehre). 

The aims expressed in the Prussian Richtlinien are reiterated in all 
other state courses of study. Instruction in natural science should teach 
pupils to observe objects, life, and proccsses in nature in order that they 
may acquire (1) pleasure in nature, (2) an understanding of nature, (3) 
ability to apply their knowledge to life situations. 

The aims of natural science in the German elementary schools are 
cultural and utilitarian. They are in no sense vocational; training in the 
vocations is left to the later period of attendance at the continuation 
schools. This point of view is in contradistinction to the underlying prin- 
ciple of the American Junior high school and by some German educators 
is considered a fault of the German system. 

The concepts which a pupil obtains from a study of biology in the 
four upper grades of the elementary school are those relating to the life 
processes of living things, to the interdependence and interrelations of 
plants and animals and man, to economic phases of plant and animal life 
and man’s control over living things. In the Grundschule particular plants 
and animals are observed and studied in detail. In the upper grades the 
study is continuous but broader in that it takes up plant and animal groups 
and enables the pupil to generalize with regard to large conceptions of 
Nature. 

Natural science has been a required subject in the curriculum of the 
German elementary schools for many years. The Prussian curriculum of 
1872 which was in effect up to the reform in 1920 contained natural 
science. The significant change in Germany in natural science education 
is in methods of instruction. 


Physics and Chemistry 
The same amount of time is devoted ultimately to physical science as 
to biological science in the elementary schools. A study of the program in- 
dicates that both physical science and biological science occur in the four 
upper grades, but that the greater emphasis in time on physical science 
comes in the seventh and eighth grades. 
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Integration of Natural Science Subjects 


r } An examination of courses of study as given previously and observa- 
tion of instruction in many schools convinces one of a lack of integration 
among the various branches of natural science. This is a valid criticism of 
the traditional science of the elementary schools from the American stand- 
7 point. The separate subjects of botany, zoology, physiology, physics, chem- 
istry, and mineralogy were taught in the past as separate subjects. The 
arrangement of these subjects was systematic, with due regard for the 
interests of the subject, but with little regard for the interests of the 
; pupil. The textbooks were written in the same fashion and gave evidence 
of no unifying principle. 
| The old arrangement still persists: botany, zoology, and physiology 


j are commonly taught as biology, but the two subjects of physics and 
chemistry are still retained as separate subjects in most schools. The 
courses as such, however, have more favorable content and reform tend- 
encies are at work in Germany to establish an integrated course in natural 
science in the elementary schools somewhat similar to the general science 

| courses in American schools. The Thuringian Ministry of Education advises 

| that a practical means of advancing an integrated course would be to have 
the same teacher give all instruction in natural science for each year or, if 
possible, throughout the four years. 

There is convincing evidence from observation that in various schools 
throughout Germany considerable effort is being made to produce an in- 
tegrated course. Integration of material within each branch of science 
around problems of life is a modern step in advance which has been made 
under the new regime. Integration of instruction of all science into one 





f unified course around certain large units is the step which remains to be 
made. 
Perfect integration of the course around common problems and activi- 


ties would entail integration within the separate branches of science. Prac- 

tice always lags behind theory. There is a reluctance to yield the boundaries 
\ of the subject matter even in elementary schools. The ordinary teacher 
in service needs to be educated to this viewpoint. 

The method of correlation of subject matter has long been employed 
in German schools. The history and geography of a region are taught 
simultaneously with the natural science. By this method the pupil learns 
more easily, since definite relations can be established. It is also an economy 
of time for both teacher and pupil. Integration, however, implies a more 
intimate arrangement of subject matter. 

In the upper grades as in the primary grades, the method of natural 
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science instruction is based on the activity principle. The activity prin- 
ciple demands that the pupil identify himself with a problem, accept it as 
his own, and solve it, driven on by his own purpose rather than by the 
will of the teacher. The adoption of the activity method of instruction 
marks the most significant advance of modern German education in natural 
science over the old education. The Richtlinien indicate that all kinds of 
activities are to be carried out by the pupil in order that he may learn 
by doing. In reading through the various courses of study one sees that 
the instructional walk is one of the most frequent common activities in 
which pupils engage. 

One can scarcely go anywhere in Germany without meeting a class 
of schoolchildren with a teacher. The excursions may be from a few min- 
utes to several days in duration. Once a month comes the Wandertag, or 
wander-day, prescribed by state law. This can be utilized very well in 
connection with science study. The region visited is studied as a whole 
from every possible standpoint. For longer trips, overnight accommoda- 
tions are provided at very low prices in youth hostels (Jugendberberge) 
and reduced fares are given on the railroads which make longer excursions 
possible from the financial point of view. 

Each child records his experiences in the school and on excursions in 
a daybook. This is more important than a textbook. 

The method of using textbooks in instruction has never been recog- 
nized to such an extent in the German schools as in the American schools. 
Textbooks are used very little except as readers in correlation of science 
with English. The use of keys, guide books, and maps as aids is more 
common. 

Equipment and Materials for Instruction 

In new schools constructed since 1920, laboratory facilities are pro- 
vided for instruction in physical science. In old schools space in each 
school is gradually being converted into a laboratory as funds are avail- 
able. The plans for laboratories vary. 

In some cities the science unit consists of two rooms: a lecture hall 
equipped with tiers of forms for the pupils, a large teacher’s demonstra- 
tion desk, provided with water, gas, and electricity, and a laboratory or 
activity room, equipped with several tables where the pupils work in 
groups. Such a room is equipped with supply cases, side shelves at the 
windows, water, gas, and electricity. Another arrangement is the single 
activity room equipped with tables and chairs. 

Special laboratory facilities for use in biology are rare. As in the 
Grundschule the biology laboratory is the out-of-doors. This cannot be 
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overemphasized. Practically all the subject matter of the four upper grades, 
as well as that of the lower grades, is based on instructional walks. This 
practice of taking the pupil to the natural object is one of the highly com- 
mendable features of German education in natural science. 

The question of individual versus demonstration or group experimenta- 
t'on has never been as vital a problem in German as in American educa- 
tion. The German teacher works for the furtherance of the group. Group 
work is favored as a means of developing the spirit of community activity, 
a foundation principle of the activity school as an Arbeitsgemeinschajt. 
In this school, forms of activity which develop the child for service in the 
community are preferred to the individualistic, selfish forms of activity. 

The equipment for science teaching is not as extensive as in the second- 
ary schools, since money is not so available. Compared with American 
elementary schools, however, the equipment of the average German school 
is far better. The teachers an’ pupils make much of the apparatus, such 
as slides, wooden-ware, and metal-ware. 


Organization of Subject Matter and Methods of Instruction 


Organization of the content of natural science around large units, with 
the consequent breaking down of the barriers between the branches of 
natural science, represents the most modern tendency in curriculum con- 
struction in natural science education in the German elementary schools. 
There is, in addition, the factor of continuity in the German system which, 
operating from the first grade through the eighth, tends to provide for a 
unified course. By a synthetic process, begun in the Grundschule, in the 
observation of living things and natural phenomena close at hand the child 
is gradually supplied with the examples and facts on which to base a few 
simple scientific conceptions. In the upper grades this instruction continues 
and a larger number of more difficult conceptions is required. 

Several special agencies are important in elementary science work. In 
most cities one finds a city school museum which contains collections 
of native plants, animals, and minerals of the vicinity, textbooks and samples 
of equipment for all subjects of the curriculum, materials for visual in- 
struction, and sometimes a hall which can be utilized by schools not 
equipped with projection apparatus. 

The city school garden exists in large cities. It is a garden maintained 
by the city, worked by adults, and should not be confused with a school 
garden in which children work. It supplies plant materials for instruction 
in biology to such schools as desire this service. Classes can be brought 
to the garden for field study. 
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There are excellent scientific museums and planetaria in most cities in 
which material is set forth in convincing manner. These are utilized by 
the schools. 

In connection with a number of schools are so-called school country 
homes where a class lives with one or two teachers for two weeks during 
the school year. From the standpoint of health for city children, of de- 
velopment of community spirit, and of natural science material, the school 
country home is an important addition to a German city school. 

Where schools have connections with a school garden, the children 
usually work in the garden as a class, for one morning a week. The in- 
struction in garden activities is correlated with science, geography, lan- 
guage and composition, drawing, mathematics, manual training, cooking, 
in fact with all subjects of the curriculum. 


> 
The Training of Teachers 
The training of teachers for service in the German elementary school 
; : ra . : } 
has been placed on a university level. The academic requirements for 
TABLE IV 
TotraL Hours iN NATURAL SCIENCE IN SECONDARY SCHOOLS OF VARIOUS STATES® } 
: = 
State 
School a } oe ‘oer ey Re ae, a: 
Bavaria | Ham- | Hesse | Prussia | Saxony Thu- Wiirt- 
| | | . . 
burg* | ringia | temkerg 
Oberrealschule 43 47 37 35 39 36 | 33 
Realgymnasium 24 33 29 25 29 26 23 
Gymnasium. 16 22 21 18 25 18 18 \ 
Deutsche Oberschule| tf A 4a 34 29 ‘Bi ve | 
* Kandel and Alexander. The Reorganization of Education in Prussia. Ubersicht iiber 
das Austesverfahren sowie den Aufbau und die Ziele der Staatlichen héheren Schulen 
Hamburgs. Zur Ordnung des héheren Schulwesens, in Sachsen, 1926. 
+ No data. 
entrance to a teachers’ college or a pedagogical institute in Germany are } 


the same as those for entering the universities. The student must have the 
leaving certificate of a secondary school, showing nine years of training 
beyond the Grundschule. The amount of required natural science in these 
schools varies from a minimum of eighteen to a maximum of forty-eight 
hours, depending upon the type of secondary school and the state in which 
the student receives his training. The German idea is, however, that stu- ; 
dents should receive their academic training before entering the teacher- 

training institution. 
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The teachers colleges of Prussia with their two-year course and the 
school of education at Hamburg with its three-year course may be taken 
as typical of the two distinct forms of teacher training under the new 
plan. 

As will be seen by a study of Table V the required work in science 
at the teachers college is strictly professional in nature and bears a close 
relation to the subject matter to be taught in the elementary school. Gaps 
in the student’s background are supplied by the election of certain science 
courses as indicated in Table VI. 

Observation and participation in elementary schools is provided for. 
An examination of two parts, written and oral, must be passed before a 
temporary teaching appointment can be secured. After two years of pro- 
bationary teaching, during which time the student works with a certain 
amount of supervision, application may be made for a second examination, 
after which a permanent appointment will be granted if a position is avail- 
able. 


TABLE V 


REQUIRED NATURAL SCIENCE COURSES IN PRUSSIAN TEACHERS COLLEGES® 


Materials and methods in natural science 1 hr. each week 
Animal and plant biology (local) 1 hr. each week 
Physiology and anatomy 1 hr. each week 
School hygiene. 2 hrs. each week 
Total 8 hours 
TABLE VI 


ELECTIVE COURSES IN A PRUSSIAN TEACHERS COLLEGE"? 
Summer Semester, 1927 


1. Chemical phenomena of everyday life (inorganic) 1 hr. biweekly 
2. Practicum in chemistry for beginners 2 hr. biweekly 


Winter Session, 1927-28 


Voluntary lectures and practica: 


1. Local fields and places 1 hr. biweekly 
2. Instruction in heredity and education 1 hr. biweekly 
3. Chemical phenomena of everyday life 1 hr. biweekly 
4. Practicum in chemistry for advanced students 2 hr. biweekly 


In states where the school of education is an integral part of the univer- 
sity, as in Hamburg, Saxony and Thuringia, the training period covers 
three years. The general plan for the work at Hamburg is given in Table 
VII. The elective subject indicated may be a science subject, thus allow- 
ing for the development of a special field of study for the individual. Stu- 
dents are expected to elect practice dealing with materials and methods 
of all elementary school subjects. The work in observation and participation 
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Tasie VII 


GENERAL PROGRAM FOR TRAINING OF TEACHERS AT UNIVERSITY OF HAMBURG” 
I. Education, philosophy, psychology—8 hours each semester. (Total, 48 semester 
hours.) 
II. Elective academic or technical subjects, art, corrective pedagogy—8 hours each 
semester. (Total, 48 semester hours.) 
III. Practice, including observation and participation—8 hours each semester. (Total, 
48 semester hours.) 


of all fields of teaching experience in the elementary school, followed by 
discussion groups at the school of education, is a valuable feature of this 
type of German teacher-training. 

Training of teachers in service during their probationary years and of 
older teachers in the newer methods and materials of science is carried 
on in most states by special institutes. 

As a continuous program from the first to the last school year con- 
ducted by teachers who themselves have a considerable background of 
science, with training in the materials and methods of the elementary 
school, the German program is one which deserves serious attention. 


REFERENCES CITED 
® Meter, Lois. Natural Science Education in the German Elementary Schools. Con- 
tributions to Education, No. 445. New York: Bureau of Publications, Teachers College, 
Columbia University, 1930. p. 49. 
* Meter, Lots, op. cit. p. 145. 
* Ibid. p. 118. 
* Ibid. p. 120. 
* Ibid. p. 121. 
* ALEXANDER, THOMAS. The Training of Elementary Teachers in Germany. p. 129. 
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The Sequence of Science in the Junior and 


Senior High School 


Grorce W. HUNTER 
Lecturer in Methods of Science Teaching, Claremont Colleges, and 
University of Southern California 
The study to be briefly reported is a continuation of two prior papers” * 
The object of this investigation is to attempt to determine the present se- 
quence of science, if any, in the junior and senior high schools. 

A number of important problems have arisen partially as a result of the 
recent extraordinarily rapid development of the junior high school in this 
country. We can ask ourselves: To what extent has General or Elementary 
Science gone down into the junior high school? To what extent is the science 
program of the senior high school integrated with that of the junior high 
school? What changes, if any, are occurring in the content of these General 
Science courses? Are there any new science subjects appearing? To what ex- 
tent is spread or election of science occurring? Is science growing or decreas- 
ing in popularity and in numbers of students taking? Are we getting any 
nearer definite correlation and integration of science subjects and is there 
more or less overlapping than in former times? All these and many other 
questions occur to the secondary school teacher interested in science. While 
it is not possible to answer all of these directly in such a study as this, there 
is no doubt but that certain trends can be seen and while it is not possible 
for a questionnaire to give information on all of the subjects mentioned, yet 
much information can be gleaned from written statements of teachers. Some 
of this, to be sure, is subjective and simply lists the belief of members of the 
group, but it is all valuable for those who are interested in the future of 
science teaching. 

In the two previous studies the questionnaire method was used and re- 
turns in 1910 were obtained from 276 schools, located in 34 states. In 1923 
a larger number of questionnaires elicited results from 368 schools in 44 
states. The present study has been supplemented by studies of state reports 
and field work on the part of the writer. The actual returns from the ques- 
tionnaire reached a total of 517 schools, of which 206 were junior high 
schools, 114 were senior high schools of the three-year type, and 197 were 
the old type four-year high school. 

The questionnaire was sent to the original list of high schools used in the 
two prior studies and to additional schools which were obtained from the 
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list of high schools printed by the United States Bureau of Education Bulletin 
No. 26, 1928. The junior high schools were selected largely from various 
state directories and from lists obtained from individual sources. 

The case against the questionnaire has been a severe one. Yet if it is 
carefully prepared, requesting objective and not subjective evidence, and 
if the questions are constructed with care, much of the objection to the 
questionnaire in education is removed. Koos* and Kelley* and the Research 
Division of the National Education Association® have presented evidence 
to show that a questionnaire is of undoubted value in certain types of studies. 
In this study it takes the place of, or supplements, the personal field survey 
and is undoubtedly of more value than printed curricula and bulletins is 
sued by boards of education. In this study valuable additional information 
was given by members of the National Association for Research in Science 
Teaching, to whom I wish to give personal recognition and sincere thanks. 

The questionnaire used in this investigation differed in several respects 
from the one used in the prior studies. It may be that this was a mistake be- 
cause the information which has been gathered has not taken the exact form 
given in the first two questionnaires. It was evident, however, that the junior 
high school had sufficiently established itself in 1930 so that it had begun to 
play a distinct part in causing a new distribution of science courses. In the 
questionnaire used in 1923, evidence was given of a very considerable num- 
ber of general science courses appearing below the ninth year, but in that 
questionnaire no direct information was sought concerning the junior high 
school. In the 1930 distribution, however, 500 junior high schools were in- 
cluded. 

When we realize that the first junior high schools were established in 
1909 and 1910 and when we observe their remarkable growth, the most 


TABLE I 
COMPARATIVE NUMBER OF COURSES IN SCIENCE OFFERED DuRING Eacu YEAR IN Four- 
YEAR HiGH SCHOOLS FOR THE YEARS 1908, 1923, AND 1930 


Number) Courses | Number} Courses | Number | Courses | Number | Courses 
9th Yr per 10th Yr. per lith Yr per 12th Yr.) per 
Courses! School | Courses | School | Courses | School | Courses | School 


Schools 
reporting 


(1908) 276 360 1.3 319 1.15 334 1.21 360 1.3 
(1923) 357 443 1.24 413 1.15 480 1.35 486 1.36 
(1930) 310* 479 1.54 462 1.49 459 1.48 420 1.36 
(1930) with 

out Hygiene 

Courses 403 1.3 404 1.3 406 1.31 368 1.18 


* 517 schools reporting, of which 113 were three-year and 197 were four-year senior 
high schools 
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conservative are forced to admit that this movement is significant in educa- 
tion. In 1924 Spaulding* showed that 77 of 355 towns and cities in Massa- 
chusetts had adopted the junior high school idea and that 51 of 68 cities 
having a population of more than 100,000 were then operating junior high 
schools. Glass’ has traced the movement in New York, Pennsylvania and 
New Jersey and has also showed that the largest development has been in 
the central west. Today there are nearly 160 junior high schools in California 
with an enrollment of more than 110,000 pupils. In 1928 there were over 
3,500 junior high schools in the United States and today the number has 
probably reached 5,000. The junior high school curriculum has been planned 
deliberately with the child as the center and has not evolved slowly as has 
the senior high school curriculum. Methods and subject matter alike have 
been adapted to pupils’ needs. Experimentation has not only been allowed 
but encouraged. There has been every reason to include the junior high 
school in our investigation. 

The question most asked among science teachers today is this: “Is science 
holding its own in the secondary school curriculum?” If we compare the 
figures obtained from the schools reporting on science courses given for the 
four years of senior high school (ninth grade to twelfth grade inclusive) , as 
obtained by the 1908 and 1923 questionnaires, with the present status, our 
first impression is that with a larger number of schools reporting (517) we 
have a falling off in actual numbers of courses given. But the three sets of 
figures are not comparable. Although we have answers from 517 schools 
in the present questionnaire, 206 of these were junior high schools. Table I 
shows the actual comparative conditions, after omitting the figures from the 
junior high schools. 

One of the outstanding differences between the earlier figures and those of 
1930 is in the emphasis placed in health education courses. Prior to the 1923 
report the secondary school still held for the teaching of physiology largely 
as a textbook subject in the early years of the secondary school. Today the 
emphasis has completely shifted, functional courses in hygiene having taken 
the place of the anatomy and physiology in the early years. In order to make 
the figures in Table I comparable, hygiene courses have been omitted. The 
table is self-explanatory and does not show a very startling growth in the 
number of science courses at the senior high school level. 

Table II shows a percentage comparison of the findings of the 1930 
questionnaire as compared with those of 1908 and 1923. In this table “other 
sciences” include astronomy, geology, psychology, and bacteriology. From 
this table and from other data obtained in the study, certain definite trends 
appear which are summed up briefly in the following paragraphs: 

(1) Elementary or general science has spread into the seventh- and 
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eighth-grade levels, while the top of the curve for general science still appears 
in the ninth grade, a very considerable number of courses are given in the 
seventh and eighth grades. Many school systems, especially in larger cities, 
have definitely worked out a three-year sequence of science for the seventh, 
eighth, and ninth grades in the junior high school. In such sequences we 
usually find the seventh grade giving from two to four periods a week, the 
eighth grade receiving about the same number of hours, while in the ninth 
grade the median appears to be five hours a week. 

(2) A second noticeable feature is that hygiene as such is appearing 
not only in the junior high school but to a much larger extent in the senior 
high school than in former times. While it is possible that the difference in 
the wording of the questionnaire may have brought out this fact, yet it is 
also true that hygiene as such has had a phenomenal growth in this country 
during the past decade. The emphasis on health education is making 
its way from the elementary school up into the junior high school and into 
the senior high school. In many school systems distinct emphasis is being 
placed on the teaching of health habits at the seventh-grade level. 

Studies of general science textbooks by Miss Meier* and of elementary 
biology texts by Chappelear® show that in the general science texts up to 35 
per cent of the subject matter may be devoted to health education material, 
while in the elementary biology texts as high as 57 per cent of the material 
may be of a health education nature. 

It is also possible that the questionnaire does not actually show the true 
situation with reference to hygiene courses since the consensus of opinion 
among teachers is that health teaching should be indirect rather than direct. 
A question asking whether hygiene was given as a separate subject or whether 
the tendency is to make health instruction a part of the work of several 
departments, brought out the information that, in over 44 per cent of the 
schools reporting, health education material is a part of the work of the 
teachers of physical education, general science, biology and even English, 
history and civics, as it undoubtedly should be.*° 

(3) A third evident finding is that although general science has spread 
downward into the seventh and eighth grades, it still holds a very distinct 
place in the ninth grade. If we peruse courses of study and recent curricula 
we find that the general science in this grade, is changing in its curricular 
material, for instead of the emphasis being placed on the earth science or 
physical sciences, the tendency now seems to be to emphasize the biological 
aspect, especially as that phase affects the conservation of health and wealth. 

(4) Another finding is that general biology is still firmly ensconced in 
the tenth grade. Although there appears to be a distinct tendency toward a 
movement downward in certain states, perhaps it would be more correct to 
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say that this tendency is a spread in both directions, as there are appearing 
courses in advanced biology which in New York State are localizing in the 
tenth year with options for students in the eleventh and twelfth years. In 
other states, notably California, advanced biology is appearing in the twelfth 
year, but with scattered courses in the eleventh as well. Many school systems 
are opening up their courses in biology to students in the tenth, eleventh, and 
twelfth grades. 

In New York State, as a study of statistics given by the State Depart- 
ment of Education indicates, a very considerable number of students take 
advanced biology in the tenth year. It must be remembered that New York 
State is out of step in the general sequence as found in other parts of the 
country and a readjustment will evidently place general science in the ninth 
year and biology in the tenth year, thus bringing the state in line with the 
general trend over the country. 

(5) The situation with reference to the chemistry-physics sequence is 
still unsettled, some states preferring chemistry in the eleventh year followed 
by physics, and other states preferring just the opposite sequence. In Penn- 
sylvania, Michigan, Indiana, Massachusetts, Ohio, California, Wisconsin, 
Washington and Oregon, there is a distinct tendency toward chemistry in 
the eleventh and physics in the twelfth year. In Connecticut, New Jersey, 
New York, Illinois, lowa, Missouri, Colorado and Montana there seems to 
be fairly well established the reverse sequence of physics in the eleventh and 
chemistry in the twelfth year. In the case of California, for example, the 
tabulation of information from the eight four-year schools and the nine 
three-year schools answering the questionnaire showed that of 17 courses 
in physics and chemistry reported, 11 chemistry and 11 physics were open to 
eleventh and twelfth year pupils. This would seemingly make the sequence 
doubtful. But personal visits to schools, or reports from persons who had 
contact with these and other schools, brought out the fact that in 65 senior 
high schools (all but six being four-year schools) 63 placed chemistry in 
the eleventh year and 60 placed physics in the twelfth year. In these same 
schools general science was offered by 54 in the ninth year and biology by 
55 in the tenth year. A study by Roy Knapp, presented for the degree of 
M.A. in the Claremont colleges in 1931, will show for California that 82.67 
per cent of all general science courses are in the ninth grade; 66.87 per cent 
of all biology courses are in the tenth grade with about 16 per cent in the 
eleventh or twelfth year; 45.81 per cent of the chemistry courses are in 
the eleventh year, with 48.6 per cent in the eleventh and twelfth; 55.5 per 
cent of the physics courses are in the twelfth year with 37.5 per cent in the 
eleventh and twelfth. Only 5.6 per cent of the chemistry courses are in the 
twelfth year only, and only 7 per cent of the physics courses are in the elev- 
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enth year only. Such findings give evidence of a definite sequence of science 
in this state. 

A careful study of Table III and Figure 1 compiled from the field 
study, shows one rather significant trend in the chemistry-physics se- 
quence. Since the publication of the 1923 study there has been a distinct 
gain of 9 per cent in chemistry courses in the eleventh year with a corre- 
sponding loss of 9 per cent of physics courses in that year. In the twelfth 
year physics shows a gain of 10 per cent in courses while chemistry shows 
a loss of about 13 per cent in the same year. In the suggested state sequences 
there are twelve states giving the chemistry-physics sequence while only 
three states recommend the physics-chemistry sequence for the last two 
years. All this seems to indicate a trend to place chemistry before physics 
in the sequence in the four-year high school and in the three-year high school. 

TaBLe ITI 
NUMBERS AND PERCENTAGES OF SCIENCE COURSES OFFERED ON EACH GRADF LEVEL IN 517 


JuntorR AND SENIOR HIGH SCHOOLS 


| ; | 
| Gen. (Elem.) 


Science Elem. Biology Chemistry Physics 
Grades | i 

| } 

Courses % | Courses % Courses of Courses | % 
7 90 | 17.4 1 38 
8 | 164 | 31.7 2 77 
9 | 259 50.1 73 28.00 1 | 30 
10s 4 77 176 67.60 25 8.3 6 1.97 
11 | 7 2.70 170 58.0 125 41.00 
12 1 .38 100 33.8 173 56.70 


Table III shows not only the preponderance of general science courses 
but also the fact that such courses are found in greatest numbers in the 
ninth year. Elementary biology has apparently lost ground slightly by com 
parison with 1923. But with the growth of advanced biology and the inclu- 
sion of an increasing amount of biological subject matter in general science 
it is likely that more pupils are receiving a general biological background 
than in 1923. The larger number of physics courses as compared with chem- 
istry probably means that for college entrance purposes physics is still the 
choice and that pressure brought to bear on the smaller schools give these 
results. 

A perusal of the returns on that part of the questionnaire which called 
for the number of students enrolled in courses indicates that in spite of 
fewer courses in chemistry the number taking this subject in the larger 
schools far exceeds the number taking physics while the numbers taking 
the two subjects in the smaller schools are more nearly equal. 








SCIENCE EDUCATION [VoL. 16 No. 2 


(6) Another significant finding is the tendency toward dropping out of 
the special sciences. There has been a noticeable decrease in botany and zo- 
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FicurE 1. Percentages of Science Offerings in the Four-Year High Schools Based on 
Findings of Questionnaires for 1908 (single-hatched bars), 1923 (cross-hatched bars), 
and 1930 (solid bars). 


ology since the publication of the last questionnaire in 1923. A glance at 
the table shows a very significant falling off in physiography courses, this 
subject losing proportionately more than any other of the special sciences. 
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It is probable that the figures on agriculture are not very complete. Many 
schools supported by the Smith-Hughes Act funds give courses in agriculture 
which play a significant part in the science activities of the schools. Particu- 
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Ficure 1 (Continued from page ???) 


larly is this true in the land-grant college states. The figures given for 1930 
do not necessarily mean an increase of courses over 1925, as this subject was 
not specifically called for in the 1923 questionnaire. 

(7) Human physiology, too, has shown a distinct decrease except in the 
twelfth year. In some states there is a distinct tendency toward making hu- 
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man physiology a laboratory science given in the last year of the senior high 
school after a certain amount of chemistry or physics. Hygiene has sup- 
planted human physiology, especially in the lower years of senior high school 
as we may see by reference to Table I. A glance at the Figure 1 sums up the 
findings in a definite manner. 

A comparison in the senior high school of the numbers taking general 
science and biology indicates a great preponderance of general science pupils 
in the ninth year. Probably at least twice as many pupils are taking biology 


TABLE IV 
PuBLic SCHOOL ENROLLMENT (1929-1930) STATE OF NEW YORK 
Puysics, CHEMISTRY, APPLIED CHEMISTRY, ADVANCED BIOLOGY, PHysICAL GEOGRAPHY, 
GENERAL SCIENCE, BIOLOGY 


Number of Pupils Number of Schools 
By Grades | By Grades , 
- —;———| Total® —|Total f 
9th | 10th | 11th | 12th | | 9th | 10th | 11th | 12th 
Gen. Sci 32860 | 2937 | 300 | 101 | 36513 | 224 | 119| 57| 24] 232 





Elem. Biol.. . 71187 | 7047 | 1320 | 791 | 92736 | 751 396 | 134 80 790 
Physics. . . . 1057 | 1540 |17282 | 8990 | 29656 | 13 | 246 | 607 | 609 | 670 

Chemistry 420 | 9811 | 8162 |10365 | 30127 13 155 | 395 | 441 455 

Applied Chem. 86 | 1887 | 480 | 284] 2738 | 4 | 3} 2 24 29 
Adv. Biology....| 351 |10330 | 4193 | 2822 | 18807 | 11 | 42| 39] 35| 54 
Phys. Geography| 148 | 1594 | 3469 | 3587 9180 | 31 136 | 192 | 188 | 215 
(Physiography) 





* Totals include pupils for whom no distribution by grades is given. 
+ Totals include schools for which no distribution by schools is given. 


in the tenth year as are taking chemistry or physics in the eleventh and 
twelfth years. An unpublished thesis by Knapp shows clearly the trends 
given above for the state of California. Here biology has grown considerably 
in enrollment during the past 15 years; chemistry, with an enrollment less 
than biology, is just about holding its own; physics is losing quite rapidly 
in enrollment. Phillips’ in his statistics of public high schools reports in 
1927-28: 7,686 schools give biology to 183,151 boys and 210,240 girls, a 
total of 393,391; general science is taught in 9,845 schools to 356,866 boys 
and 250,172 girls, a total of 507,038. These figures bear out the returns ob- 
tained from the questionnaire. But his figures for physics and chemistry are 
higher than would appear to be given in this study. He states that 4,783 
schools are giving chemistry with an enrollment of 118,641 boys and 86,053 
girls or a total of 204,694 while 7,346 schools give physics courses to 180,209 
boys and 68,193 girls or a total of 248,402. If we include the general science 
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enrollment in the junior high school, then the figures have another story to 
tell. Here, although our figures are not accurate, it is evident that there is an 
enrollment of several times that of the biology of the senior high school. 
In many junior high schools science is a required subject in at least one year 
and often two years, hence the great increase in the number of students tak- 
ing the course. 

Enrollment in the special sciences is relatively small, botany, human 
physiology, physiography, zoology, astronomy and geology apparently rank- 
ing in the order given. Two new sciences appear, namely, bacteriology and 
psychology, but the offerings are few and the number:of students enrolled 
is very small. 

Some interesting figures, obtained through the courtesy of Warren W. 
Knox, Supervisor of Science for the University of the State of New York, 
are worth giving at this time to show the situation as it exists in a state 
having the largest high school enrollment in the Union. 

Aside from the fact that these figures show science to be in a healthy con 
dition, an interesting situation is found here which is sustained by the returns 
to the questionnaire from other states. This is the spread of science courses 
over different grade levels in the senior high school. While in the junior high 
school the offerings in science are restricted to pupils in a given year, it is 
true that increasingly there is a spread in the election of science courses. 
Many courses in chemistry and physics are open to pupils in the eleventh 
and twelfth years in botany, zoology, physiology, and to a less extent ele- 
mentary and advanced biology are offered to pupils of the tenth, eleventh 
and twelfth years. The reason for this is not entirely clear. It may mean 
(and probably does mean) that because of an overcrowded curriculum, 
science is offered where it will fit into the pupil’s program. It may mean a 
desire and perhaps a pressure to persuade more pupils to take science or it 
may mean a real interest in science offerings on the part of the pupils and 
the administration. 

In spite of this spread over the several years of the senior high school, 
there is much evidence that the sequence of science is fairly definite. A per- 
sonal survey of nation-wide conditions based on courses of study and visits 
to important schools in different states was made as a check against the 
results of the questionnaire. Table V shows a summary of this study. 

Three significant outcomes stand out in a comparison with the figures 
from the questionnaire: first, definite sequences in science exist, at least on 
paper, in several states; second, there is no agreement among supervisors as 
well as among teachers as to the proper sequence of high school chemistry 
and physics; third, in some cases, state courses of study as they exist on paper 
are not in accord with the evidence sent in by teachers who answered the 


IsAU 
soscyd 




















SoA 
SoA soisAyg “weysy 
Sa sosAyg “weyqd 
ON so1sAud 
ng 
S9A “Apy ‘sosAyg “weyy 
oN soisdy “Ways 
jos 
Sox *uay~) ‘soIsAqd 
ON "may,) ‘so1sAqd 


soinsy ON 
et 
SOA 
sainayg ON 





soisAyg 


soskud 
ay ) 








249 

susAug 
q 40 way) 
) 10 soIsAyd 
d JO wey ) 









itt 





u 
yaa 
JUsWII0I7 


ysand) 








9A UIZI 


















($-L) SoIsAyg 
t l ula ) 
sAUd 

[1d 

or 

[Ole “AT 
ord 
Apy ‘soisAyg “weyd jorg ‘Apy ‘ 
Apy ‘soisAyg ““wayd 


soisAyg “way 





vad UIT ivaA Yl 


KGONLe ao sasuno’y 





Il 

4 

z - 

t auaizAyy 
Zz 

0 




















I 


19g 


"jog 


a 





lrg “PS 
“org * 


19g "Uk 


19g 


19¢ 








19S “Uearty 
TIS "Uet) 
19S "Uear) 
19S "Ua 
PS "GH 
sAyg | 
0g I 





ua‘) 


wo 


wala 


1g “Uary 


uary 
sy 





UIITAP *“BosAyd 


uar) 








IvaA 46 


ILVLS NO aasvg 
A a1avy 


TON 


1s "WIaTW 
19g "WaT 





auaIsAP “19S “WTA 


quaisAy] “Ds "WITT 
19S “Uar) 





‘DS “Wey 
"Ds "WIA 


"19S "Ua 


19g "WITA 
1d "Udt) 
19S "Uet) 
IIS “Uet) 
1G "a+ 
19 29 “F005 


BAP WY “BowAyd 


19g *Uar) 





IvaA yg 


1OaS AONADS 


IS "WITT 
19g “WIaT7 





musy Z 
BAY + 


19g "WITT 6 





19g “Ud*) 


quaisAy ouay 


quad AP ‘Uy 
19g “Uet) 


‘Ds "Way 
IS “Waly 








19g "Udat) 


19S 2Y “BOA 
auaisAPy WY ‘ZoIsAyd 
19g “Uas) 





$9381S 9 
JES | 
9383S | 

SI}EIS ¢ 
aouanbas pazsajaid 
IBID YIM $9}BYS ZT 


AMVARAS 


BIUIO;! 
saynys 290g 





BOFVC 'S 

Boe] N 
SBSUB ALY 

ulpjuno fy AY? of 


UBZIYNI 
EMOT 


Bueipuy 





aqD4S [D4guID * NV 





Ayonjuay 
urqrly 


41S 4a 








eluBAlAsuuag 


Aasiaf MAN 





2 1404 MIN 
uvlAle yy 
non 10°) 








DIS 











hy sics 
hysics 


Chem.-I 





Biol 





a?) 
7) 
= 
4 
o 











Dec. 1931] SCIENCE IN JUNIOR AND SENIOR HIGH SCHOOL 115 
questionnaire. Either we must doubt the evidence taken from a sampling 
of the better schools or we must believe that teachers do not always follow 
courses of study as outlined by those in authority. Since the answers from 
the questionnaire come from a picked group of teachers it may represent the 
practices of a small but advanced group of thinkers. The writer does not 
attempt to answer this question but gives the figures for what they are worth. 

Obviously only a small part of the findings of the questionnaire can be 
discussed at this time, the question of science sequence being the problem in 
hand. It is evident from the findings that the sequence already established is 
gaining ground with evidence that points to (a) a greater spread downward 
of elementary or general science, (b) a possible spread of biological material 
both upward and downward through the intermediary of advanced biology 
and the placement of more biological subject matter in general science, (c) 
possibly (if this sampling of schools tells the story) a more definite place- 
ment of chemistry in the eleventh year and physics in the twelfth, and (d) a 
continued reduction in the number of courses and of pupils taking the special 
sciences. It might almost seem that the dream of the teacher who teaches 
children and not special science might some day be realized so that we will 
see a continuous course in science throughout the junior and senior high 
schools, built not on special science subject matter, but arranged psycho 
logically on the rational basis of children’s interests and adult life needs. 
With the greater use of psychological tests on the part of the college, the 
bugbear of the college entrance examination and the evils of the unit entrance 
system may be done away with. Then, and then only, will science be able 
to measure its results scientifically and give to the pupil the materials and 
training best adapted to his individual needs. 
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Science Reading Material for Pupils 
and Teachers—ll 


C. M. Pruitt 
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Part II. TEACHER REFERENCES 
A, Astronomy 


Aspot—The Earth and the Stars. D. Van Nostrand Co. $3.00. 1925. 

Aspot—The Sun, D. Appleton and Co. $3.50. 1929. 

CHAMBERLIN—T he Solar Families. University of Chicago Press. $2.50. 1928. 

EpDDINGTON—Stars and Atoms. Yale University Press. $2.00. 1927. 

HaLe—Beyond the Milky Way. Chas. Scribner’s Sons. $1.50. 1926. 

HaLte—The Depths of the Universe. Chas. Scribner’s Sons. $1.50. 1926. 

HaLte—The New Heavens. Chas. Scribner’s Sons. $1.50. 1922. 

Jeans—Eos or Wider Aspects of Cosmogony. E. P. Dutton and Co. $1.00. 
1929. 

Jeans—The Universe Around Us. The Macmillan Co. $4.50. 1931. 

Jeans—The Mysterious Universe. The Macmillan Co. $2.25. 1930. 

Jeans—The Stars in Their Courses. The Macmillan Co. $2.50. 1931. 

Jerrreys—The Future of the Earth. W. W. Norton and Co. $1.00. 1929. 

MITCHELL and Assot—Fundamentals of Astronomy. D. Van Nostrand 
Co. $3.00. 1930. 

O.cott—Star Lore of All the Ages. G. P. Putnam’s Sons. $4.50. 1911. 

PHILLIPS and STEVENSON—Splendour of the Heavens. Robert M. McBride 
and Co. $8.50. 1931. 

SERVISS—Astronomy With the Naked Eye. Harper and Brothers. $3.00. 
1908. 

SERvIss—Curiosities of the Sky. Harper and Brothers. $3.00. 1909. 

SERviss—Round the Year With the Stars. Harper and Brothers. $3.00. 
1910. 

SHAPLEY—The Stars. American Library Association. $.50. 1927. 

SHAPLEY—Starlight. Doubleday, Doran Co. $1.50. 1926. 

SHAPLEY—Flights from Chaos. McGraw-Hill Book Co. $2.50. 1930. 

SMART—The Sun, the Stars and the Universe. Longsman, Green and Co. 
$5.00. 1928. 

STETSON—Man and the Stars. McGraw-Hill Book Co. $2.50. 1930. 
* Continued from October issue of Scrence EpucaTIon. 
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B. Biology 


ALLEN—The Book of Bird Life. D. Van Nostrand and Co. $3.50. 1929. 

BraDLEY—Parade of the Living. Coward-McCann. $3.00. 1930. 

BroaDHuRST—How We Resist Disease. J. B. Lippincott Co. $3.00. 1923. 

BroaDHURST—Home and Community Hygiene. J. B. Lippincott Co. $3.00. 
1928. 

CuHapMAN—Bird Life. D. Appleton and Co. $4.00. 1905. 

CrarK—The New Evolution: Zodgenesis. Williams and Wilkins. $3.00. 
1930. 

CLENENDING—T he Human Body. A. A. Knopf Co. $5.00. 1927. 

Comstock—Handbook of Nature Study. Comstock Publishing Co. $4.00. 
1926. 

ConkLtin—Heredity and Environment. Princeton University Press. 
1923. 

Dorsey—WNature of Man. Harper and Brothers. $1.00. 1925. 

DorsEy—Hows and Whys of Human Behavior. Harper and Brothers. 
$3.50. 1929. 

DorsEy—Why We Behave Like Human Beings. Harper and Brothers. 
$3.50. 1927. 

Downinc—Science in the Service of Health. Longsman, Green and Co. 
$2.00. 1930. 

East—Heredity and Human Affairs. Chas. Scribner’s Sons. $3.50. 1927. 

East—Mankind at the Cross Roads. Chas. Scribner’s Sons. $3.50. 1923. 

East—Biology and Human Affairs. McGraw-Hill Book Co. $3.50. 1931. 

FisHBEIN—Shattering Health Superstitions. Horace Liveright. $2.00. 1930. 

GRUENBERG—Modern Science and People’s Health. W. W. Norton and 
Co. $2.50. 1926. 

GuyER—Being Well Born. The Bobbs-Merrill Co. $5.00. 1927. 

HENDERSON—Fitness of the Environment. The Macmillan Co. $2.00. 1913. 

HENDERSON—Practical Value of Birds. The Macmillan Co. $2.50. 1927. 

HirscHo—Twins: Heredity and Environment. Harvard University Press. 
$2.00. 1930. 

Hornapay—American Natural History. Chas. Scribner’s Sons. $5.00. 1904. 

Howarp—The Insect Menace. The Century Co. $3.50. 1931. 

HuxLtey—Essays in Popular Science. A. A. Knopf Co. $4.00. 1927. 

HuxLey—Essays of a Biologist. A. A. Knopf Co. $2.50. 1923. 

JenNiNGS—Promethus or Biology and Advancement of Man. E. P. Dut- 
ton and Co. $1.00. 1925. 

Jennincs—The Biological Basis of Human Nature. W. W. Norton and 

Co. $4.00. 1930. 
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KetLtoc—Biology. The American Library Association. $.35. 1925. 

Kettoc—Human Life as a Biologist Sees It. Henry Holt and Co. $1.50. 
1922. 

KIRKPATRICK and HuETtTTNER—Fundamentals of Health. Ginn and Co. 
$3.80. 1931. 

Lutt—Ways of Life. Harper and Brothers. $3.00. 1925. 

MerepItH—H ygiene, P. Blakiston’s Son and Co. $3.50. 1926. 

Morcan—Theory of the Gene. Yale University Press. $4.00. 1926. 

NEEDHAM and Lioyvp—Life in Inland Waters. Comstock Publishing Co. 
$5.00. 1916. 

OsBorN—Men of Old Stone Age. Chas. Scribner’s Sons. $5.00. 1919. 

OsBorN—Man Rises to Parnassus. Princeton University Press. $2.50. 1927. 

Parsons—The Materials of Life. W. W. Norton and Co. $3.00. 1930. 

PearL—Biology of Population Growth. A. A. Knopf Co. $3.50. 1925. 

RosENAU—Preventive Medicine and Hygiene. D. Appleton and Co. $10.00. 
1927. 

SHERMAN—T he Vitamins. The Chemical Catalog Co. $6.00. 1931. 

Warp and WuippLe—Fresh Water Biology. John Wiley and Sons. $7.00. 
1918. 

WELLs, Huxtey and Wetis—Science of Life. Doubleday, Doran Co. 
$10.00. 1931. 

WeEtMOoRE—Migration of Birds. Harvard University Press. $2.50. 1926. 

WHEELER—Social Life Among the Insects. Harcourt, Brace and Co. $4.00. 
1923. 

WiccamM—The New Decalogue of Science. The Bobbs-Merrill Co. $3.00. 
1924. 

WiccamM—The Fruit of the Family Tree. The Bobbs-Merrill Co. $3.00. 
1924. 

Wiccam—The Next Age of Man. The Bobbs-Merrill Co. $3.00. 1927. 

Witson—The Cell in Development and Heredity. The Macmillan Co. 
$9.00. 1925. 

WrnsLow—Fresh Air and Ventilation. E. P. Dutton and Co. $2.00. 1926. 


C. Chemistry 
ARRHENIUS—Chemistry in Modern Life. D. van Nostrand Co. $3.00. 1925. 
Berry—Stuff. D. Appleton and Co. $5.00. 1930. 
CHAMBERLAIN—Chemistry in Agriculture. The Chemical Foundation, Inc. 
$1.00. 1926. 

Darrow—Story of Chemistry. Bobbs-Merrill Co. $4.00. 1930. 
FarapAy—The Chemical History of the Candle. E. P. Dutton and Co. 
$0.60.1920. (Reprinted). 
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FARRELL—W hat Price Progress? G. P. Putnam’s Sons. $2.50. 1926. 

FinpLAY—Chemistry in the Service of Man. Longmans, Green and Co. 
$2.50. 1926. 

Foster—Romance of Chemistry. Century Co. $3.00. 1927. 

HALE—American Chemistry. D. Van Nostrand and Co. $2.50. 1921. 

Harrow—Eminent Chemists of Our Times. D. Van Nostrand and Co. $3.00 
1927. 

Henprick——Everyman’s Chemistry. Harper and Brothers. $3.00. 1917. 

Howre—Chemistry in Industry (Vol. 1). The Chemical Foundation, Inc. 
$1.00. 1924. 

HowEe—Chemistry in Industry (Vol. I1). The Chemical Foundation, Inc 
$1.00. 1925. 

Howr—Chemistry in World’s Work. D. Van Nostrand and Co. $3.00. 1926. 

Howe and Turner—Chemistry and the Home. Chas. Scribner’s Sons 
$1.50. 1927. 

LittLE—The Handwriting on the Wall—A Chemist’s Interpretation. Lit 
tle, Brown and Co. $2.50. 1929. 

JAFFEE—Crucibles. Simon and Schuster. $5.00. 1930. 

KENDALL—At Home Among the Atoms. Century Co. $3.00. 1929. 

MARTIN—Triumphs and Wonders of Modern Chemistry. D. Van No 
strand and Co. $3.00. 1919. 

Moore—History of Chemistry. McGraw-Hill Co. $2.50. 1931. 

STIEGLITZ—Chemistry in Medicine. The Chemical Foundation, Inc. $2.50, 
1928. 

D. Exploration and Travel 


AMUNDSEN and ELLswortH—First Crossing of the Polar Seas. Double 
day, Doran Co. $5.00. 1927. 

ANDREWs—On the Trail of Ancient Man. G. P. Putnam’s Sons. $6.00. 
1928. 

ANDREWs—Ends of the Earth. G. P. Putnam’s Sons. $4.50. 1929. 

BEEBE—Beneath Tropic Seas. G. P. Putnam’s Sons. $3.50. 1928. 

BEEBE—The Arcturus Adventure. G. P. Putnam’s Sons. $6.00. 1926. 

BEEBE—Galapagos: World’s End. G. P. Putnam’s Sons. $5.00. 1924. 

Byrp—Skyward. G. P. Putnam’s Sons. $3.50. 1928. 

Byrp—Little America. G. P. Putnam’s Sons. $5.00. 1930. 

ELLSBERG—On the Bottom. Dodd, Mead and Co. $3.00. 1929. 

FAIRCHILD—Exploring for Plants. The Macmillan Co. $5.00. 1931. 

Hosss—North Pole of the Winds. G. P. Putnam’s Sons. $5.00. 1930. 

HuxLey—A frica View. Harper and Brothers. $5.00. 1931. 

LINDBERGH—We. G. P. Putnam’s Sons. $2.50. 1927. 

MACMILLAN—Etah and Beyond. Houghton Mifflin Co. $5.00. 1927. 
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MarMEer—The Sea. D. Appleton and Co. $3.00. 1930. : 
O’BriEN—W hite Shadows in the South Seas. The Century Co. $2.00. 1924. 
O’BRIEN—M ystic Isles of the South Seas. The Century Co. $5.00. 1924. 
ROosEVELT—A frican Game Trails. Chas. Scribner’s Sons. $6.00. 1910. 
RoosEvVELT—Through the Brazilian Wilderness. Chas. Scribner’s Sons. 

$3.00. 1914. 
SHELDON—The Wilderness of Denali. Chas. Scribner’s Sons. $6.00. 1930. 
STEFANSSON—Tihe Friendly Arctic. The Macmillan Co. $6.50. 1921. 
TayLor—Antarctic Adventure and Research. D, Appleton and Co. $2.00. 

1930. 

E. Geology } 

Bow1re—/sostacy. E. P. Dutton and Co. $5.00. 1927. 
FREE and Hoxe—W eather. Robert M. McBride and Co. $3.00. 1928. 
Humpureys—Fogs and Clouds. Williams and Wilkins. $4.00. 1926. 
Humpureys—Physics of the Air. McGraw-Hill Book Co. $6.00. 1929. 
HumpureYs—Rain-Making and Other Weather Vagaries. Williams and 

Wilkins. $2.50. 1926. 
HumpuHrEYs—Weather Proverbs and Paradoxes. Williams and Wilkins. 

$1.50. 1923. 
HuNTINGTON—The Human Habitat. D. Van Nostrand and Co. $3.00. 

1926. 
HUNTINGTON—Civilization and Climate. Yale University Press. $5.00. 

1924. 
LreE—Stories in Stone. D. Van Nostrand and Co. $3.00. 1926. 
MATHER—Old Mother Earth. Harvard University Press. $2.50. 1928. 
MATHER—Sons of the Earth. W. W. Norton and Co. $3.50. 1930. 
SCHUCHERT and LEVENE—The Earth and Its Rhythms. D. Appleton and 

Co. $4.00. 1927. 
VAN CLEEF—Story of the Weather. The Century Co. $2.50. 1929. 

F. Physics 

ANDRADE—The Atom, Doubleday, Doran Co. $0.75. 1928. 
ANDRADE—An Hour of Physics. J. B. Lippincott Co. $1.00. 1930. 
Biiss—Elements of Applied Electricity. Henry Holt and Co. $1.96. 1925. 
Bracc—Concerning the Nature of Things. Harper and Brothers. $3.00. 

1925. 4 
BuckLEY—A Short History of Physics. D. Van Nostrand and Co. $3.00. 

1928. 
Cajor1—History of Physics. The Macmillan Co. $3.50. 1929. 
Crew—Rise of Modern Physics. Williams and Wilkins. $5.00. 1928. 
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Darrow—The New World of Physical Discovery. The Bobbs-Merrill Co. 
$3.50. 1930. 

Darrow—/ntroduction to Contemporary Physics. D. Van Nostrand and 
Co. $6.00. 1926. 

Hryt—New Frontiers of Physics. D. Appleton and Co. $2.00. 1930. 

Heyvt—Fundamental Concepts of Physics. Williams and Wilkins. $2.00. 
1926. 

McCase—Marvels of Modern Physics. G. P. Putnam’s Sons. $1.50. 1925. 

LuckiEsH—Artificial Sunlight. D. Van Nostrand and Co. $3.75. 1930. 

LuckiesH—Color and Its Application. D. Van Nostrand and Co. $4.50. 
1921. 

LuckiresH—Visual Illusions and Their Applications. D. Van Nostrand and 
Co. $3.00. 1922. 

MILLIKAN—The Electron. University of Chicago Press. $2.00. 1924. 

Mitits—Letters of a Radio Engineer to His Son, Harcourt, Brace and Co. 
$2.00. 1922. 

MiLL_s—Within the Atom. D. Van Nostrand and Co. $2.00. 1921. 

Mott-Smitu—This Mechanical World. D. Appleton and Co. $2.00. 1931. 

NEWMAN and SEARLES—The General Properties of Matter. The Macmil- 
lan Co. $5.50. 1929. 

RICHTMEYER—ZJntroduction to Modern Physics. McGraw-Hill Book Co. 
$5.00. 1928. 

RusseELL—The A BC of Atoms. E. P. Dutton and Co. $2.00. 1923. 

RussELL—The A B C of Relativity. Harper and Brothers. $2.50. 1925. 

RussELL—The Analysis of Matter. Harcourt, Brace and Co. $6.00. 1927. 

SULLIVAN—~-Three Men Discuss Relativity. A. A. Knopf Co. $3.50. 1926. 


G. General 


BEARD—Toward Civilization. Longmans, Green and Co. $3.00. 1930. 

Bostwick—Pivotal Figures of Science. The American Library Association 
$0.50. 1928. 

BROWNELL—The New Universe. D. Van Nostrand and Co. $4.00. 1926 

BROWNELL—Pihysical Science. McGraw-Hill Book Co. $2.50. 1931. 

CLEVELAND—Modern Scientific Knowledge of Man, Nature and Society. 
Ronald Press Co. $4.50. 1929. 

Cowpry, et al—Human Biology and Racial Welfare. B. Hoeber. $6.00. 
1930. 

Curtis—Science and Human A ffairs. Harcourt, Brace and Co. $3.00. 1922. 

DorsEY—Man’s Own Show: Civilization. Harper and Brothers. $5.00. 

1931. 
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DrRACHMAN—The Literature of Natural Science. The Macmillan Co. $4.00. 
1930. 

EppINGToN—The Nature of the Physical World. The Macmillan Co. $3.75. 
1928. 

GinsBERG—The Adventures of Science. Simon and Schuster. $5.00. 1931. 

HaccAarp—Devils, Drugs, and Doctors. Harper and Brothers. $5.00. 1930. 

HaLpANE—The Sciences and Philosophy. Doubleday, Doran Co. $3.75. 
1929. 

Harrow—From Newton to Einstein. D. Van Nostrand and Co. $1.00. 
1920. 

HaARVEY-GissON—Two Thousand Years of Science. The Macmillan Co. 
$4.00. 1929. 

HEr1NGc—F oibles and Fallacies of Science. D. Van Nostrand and Co. $2.50. 
1924. 

LANGDON-Davies—Man and His Universe. Harper and Brothers. $5.00. 
1930. 

Lewis—The Anatomy of Science. Yale University Press. $3.00. 1926. 

LuckirsH—Foundations of the Universe. D. Van Nostrand and Co. $3.00. 
1925. 

Mayver—The Seven Seals of Science. The Century Co. $3.50. 1927. 

MILLIKAN—Science and the New Civilization. Chas. Scribner’s Sons. $2.00. 
1930. 

NEWMAN, et al—Nature of the World and of Man. University of Chicago 
Press. $4.00. 1927. 

PoINCAIRE—The Foundations of Science. Science Press. $5.00. 

Pupin—The New Reformation. Chas. Scribner’s Sons. $2.50. 1924. 

SAIDLA and Gispps—Science and the Scientific Mind. McGraw-Hill Book 
Co. $2.50. 1930. 

SarToN—History of Science and the New Humanism. Henry Holt and Co. 
$2.00. 1931. 

SLossoN—The Physical Sciences. The American Library Association. $0.35. 
1926. 

Soppy—Science and Life. E. P. Dutton and Co. $4.00. 1920. 

Soppy— Matter and Energy. Henry Holt and Co. $1.00. 1912. 

SULLIVAN—The Bases of Modern Science. Doubleday, Doran Co. $2.00. 
1929. 

SULLIVAN—AsSpects of Science. A. A. Knopf. $2.50. 1926. 

THoMsSON—Modern Science. G. P. Putnam’s Sons. $3.50. 1929. 

WHITEHURST—Science and the Modern World. The Macmillan Co. $2.50. 

1925. 
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WiLtson—The Human Side of Science. Metropolitan Book Corporation. 
$4.00. 1929. 

WIsEHART—Marvels of Science. The Century Co. $2.50. 1928. 

Symposium—Living Philosophies. Simon and Schuster. $2.50. 1931. 


Symposium—-Popular Research Narratives. (3 Volumes.) Williams and 
Wilkins. $3.00. 1926. 


Part III. CoLttEce TEXTBOOKS 
A. Astronomy 


DuNCAN—AsStronomy. Harper and Brothers. $3.75. 1926. 

FatH—Elements of Astronomy. McGraw-Hill Book Co. $3.00. 1926. 

MouLton—Astronomy. The Macmillan Co. $3.75. 1931. 

RUSSELL, DUGAN and STEWART—AsStronomy (Volume 1): The Solar Sys- 
tem. Ginn and Co. $2.48. 1926. 

RUSSELL, DUGAN and STEWART—Astronomy (Volume II): Astrophysics 
and Stellar Astronomy. Ginn and Co. $2.48. 1927. 


B. Biology 


Atwoop and HeEiss—Educational Biology. P. Blakiston’s Son and Co. 
$2.75. 1928. 
BURLINGAME, et al—General Biology. Henry Holt and Co. $3.50. 1922. 
CALDWELL, SKINNER and Tietz—Biological Foundations of Education. 
Ginn and Co. $2.72. 1931. 
EIKENBERRY and WALDRON—Educational Biology. Ginn and Co. $2.48. 
1930. 
GAcGER—General Botany. P. Blakiston’s Son and Co. $4.00. 1926. 
Ho_tmes—General Biology. Harcourt, Brace and Co. 1926. 
LANE—Animal Biology. P. Blakiston’s Son and Co. $3.50. 1929. 
PLUNKETT—Outlines of Modern Biology. Henry Holt and Co. $3.75. 1930. 
SHuLL—Principles of Animal Biology. McGraw-Hill Book Co. $3.50. 1929. 
Sinnott—Botany: Principles and Problems. McGraw-Hill Book Co. $3.00. 
1929. 
C. Chemistry 
Dreminc—General Chemistry. John Wiley and Son’s. $3.50. 1925. 
Gorpon—ZIntroductory College Chemistry. World Book Co. $3.60. 1930. 
KENDALL-SmMitH—General Chemistry. The Century Co. $3.75. 1929. 
McPuHeErson and HENDERSON—A Course in General Chemistry. Ginn and 
Co. $3.40. 1927. 
Hotmes—General Chemistry. The Macmillan Co. $3.50. 1931. 
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D. Elementary Science 

Comstock—Handbook of Nature Study. Comstock Publishing Co. $4.00. 
1911. 

Comstock—A Manual of the Study of Insects. Comstock Publishing Co. 
$4.25. 1907. 

Pack and PALMER—T he Nature Almanac. Nature Study Association. $1.00. 
1930. 

Vinat—WNature Guiding. Comstock Publishing Co. $3.50. 1926. 

E. Geology 

BrADLEY—Earth and Its History. Ginn and Co. $2.60. 1928. 

Daty—Our Mobile Earth. Chas. Scribner’s Sons. $5.00. 1926. 

Hosss—Earth Features and Their Meanings. The Macmillan Co. $4.25. 
1912. 

Pirsson and Loncwe_t—Outlines of Physical Geology. John Wiley and 
Sons. $3.00. 1930. 

SALISBURY—Physiography. Henry Holt and Co. $3.80. 1919. 

SCHUCHERT—Outlines of Historical Geology. John Wiley and Sons. $3.00. 
1931. 

SHIMER—/ntroduction to Earth History. Ginn and Co. $3.00. 1925. 

Tarr and Von ENGELN—Physical Geography. The Macmillan Co. $2.40. 
1929. 


F. Physics 
CaswELL—An Outline of Physics. The Macmillan Co. $4.25. 1928. 
KimBALL—College Physics. Henry Holt and Co. $3.75. 1929. 
MILLIKAN, GALE and EpwArps—First Course in Physics for Colleges. 
Ginn and Co. $4.00. 1928. 
Ossorn—Physics of the Home.—McGraw-Hill Book Co. $3.00. 1929. 
WELp and PaALMErR—Pihysics. P. Blakiston’s Son and Co. $3.75. 1931. 

















Does a Teacher Need to Know Biology? 


ELIzABETH L. BiIsHOoP 


State Teachers College, Santa Barbara, California 


What biological background, if any, is essential or desirable for the class- 
room teacher? The child at the receiving end of the educative process is 
a biological creature. Every well-brought up teacher knows that the child 
and not the subject is the center of all her teaching activities. What does 
she know (if anything) or need to know about his structure and function- 
ing, and the interplay of biological forces in his development and be- 
havior? Or if you belong to the school of the newer pedagogical prophets, 
and cringe at the thought of the child as the passive recipient of a process, 
preferring to see him as a personality at whose development the teacher 
merely assists in the réle of guide, philosopher and friend—still what does 
she know or need to know about the biological entity whose developing 
individuality she is earnestly striving to help unfold? It seems axiomatic 
that an artist should understand thoroughly the medium in which she works. 
Are we perhaps assuming, without much investigation into the facts, that 
the teacher-artist comes from her training as well-equipped with insights 
and skills concerning children as she is, say, in the mechanics of lesson 
plans and the skills incident to the routine of school house-keeping? 

A little illumination is thrown upon this matter by some facts which 
emerged incidentally in a study recently made in a California university. 
Any deductions made from these facts can, of course, be valid only for the 
individual institution concerned. How far the same situation is preva- 
lent elsewhere is as yet unknown. It should be borne in mind that the re- 
quirements for teaching credentials in California are relatively high, and 
the probabilities are strong that her teachers are not less well-grounded 
in biological science than those of other parts of the country. 

The study in question concerned the selection of desirable content for 
the course in “Growth and Development of Children,” which is so “strongly 
recommended” in preparation for several of the California teaching creden- 
tials that it is practically a requirement, and appears in all teacher-train- 
ing curricula. In the course of the study, it became necessary to get a pic- 
ture of that section of the student body represented from year to year in 
the course enrollment, together with some idea of what might be expected 
from the average student in the course, in the way of background training 
in education, psychology, and biological sciences. For this purpose, a simple 
questionnaire was prepared and data were collected during class meetings, 
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from approximately six hundred students in the fall semester, and three 
hundred in the spring semester, a sufficiently large number to yield a reason- 
able picture of the type of student to be expected in future classes in regular 
session. Analysis of these figures showed the fall-spring classes to include a 
very few junior students, but a majority of senior and fifth year people, pre- 
paring directly for the elementary or the secondary teaching credential. Dur- 
ing summer session, the same data were collected from approximately two 


TABLE I 
BIOLOGICAL BACKGROUND OF STUDENTS TAKING “GROWTH OF THE CHILD” IN A 
CALIFORNIA UNIVERSITY 
* 
Per cent of Class Reporting It 
Amount of Biological Science 


Student has had Fall Spring Academic | Summer 
Semester | Semester Year Session 
No biological science in high school* | 58.0 55.0 57.0 25.0 
No biological science in college . 33.0 34.0 33.6 14.1 
No biological science in high school or 
college. .... ’ 22.0 21.0 21.7 9.6 
No biological science nor hygiene in either 
high school or college 11.8 13.3 12.5 8.8 


One courset biological science or hygiene 


in high school or college. 22.6 23.6 23.0 9.6 
Two courses in biological science (includ- 

ing hygiene) in high school or college 22.0 27.0 24.0 14.5 
Three courses. 13.5 16.0 14.5 20.2 
Four or five courses. 15.5 10.0 13.2 29.5 
Six to twenty courses. 14.5 10.6 12.8 17.4 


* The sciences most favorably received by the California universities for college 
entrance are physics and chemistry. 

t A “course” was counted for one year of high school science or for one semester of 
college science. 


hundred and fifty people, chiefly teachers and administrators, who were 
representative of the run-of-the-mine summer student in the education de- 
partment. Most of these people were working toward higher degrees or cre- 
dentials. There were a few senior university students and a few normal school 
and teachers college graduates. No one had less than two years of collegiate 
work; two-thirds of the group were graduates of four-year colleges and 
universities; and over ten per cent had master’s degrees. 

The teaching experience in the summer group varied from one to thirty 
years, spread over the educational ladder from pre-school to college, and 
geographically over twenty states and a foreign country. The majority were 
then teaching, or hoping to teach, in California. The list of major fields of 
study represented reads like a roster of the university curricula. 








~~ 
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A check of the questionnaires showed that practically all students en- 
rolled in the course had completed one or more courses in elementary educa- 
tion or secondary education, over ninety-five per cent of the fall-spring 
students and seven out of ten of the summer students had “taken” both psy- 
chology and educational psychology. These courses are standard require- 
ments for California teaching credentials, and are commonly held pre-requi- 
site to the course in “Growth and Development of Children.” The range 
and variety of courses in biological science was so wide as to challenge any 
attempt at classification. A preliminary check showed that if hygiene were 
included, all but twelve per cent of the total enrollment had had some ex 
posure to biological science, either in high school or college. More careful 
study revealed the situation which is outlined in Table I. 

The summer group, being somewhat further advanced in their train- 
ing, showed better biological background, in terms of courses taken, than the 
groups of the regular session. In all the groups, the biological preparation 
varied from absolute zero to completed majors in biological fields, but the 
large majority of the students had taken two or more courses of a biological 
nature at some time in their career. 

With the general background in education and psychology possessed in 
common by the students in these classes, and with their biological back 
ground, heterogeneous as it was, they might reasonably be expected to have 
more or less clear concepts of the meanings of essential terms in common 
use in the copious literature of education, psychology, and child develop- 
ment, including those terms derived from the fields of the biological sciences. 
That they did not possess such a working vocabulary and were probably 
reading much professional literature, whose terminology was incompre- 
hensible to them, was suggested to the instructors by some amazing mis- 
interpretations of biological and physiological terms reported by a reader 
in the course. It was decided to examine written work done in ordinary 
class routine for evidences of familiarity or lack of familiarity with com- 
monly used terms. No attempt was made to set up an experimental situation. 

The first papers used were regular examination papers written by the 
summer school class and containing a dozen or more definitions of biological 
terms commonly found in the literature of child development, and which, 
it had been assumed, should be familiar to upper division and graduate 
university students and to well-educated teachers of experience. Such a 
wide range of misinformation was evidenced in these papers written by 
mature and experienced teachers and administrators, and the general relation- 
ship between meagre vocabulary and lack of success in the course was so 
marked, that it was thought worth while to give the same paper as a kind 
of pre-test at the beginning of the fall semester for the purpose of tentative 
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sectioning into ability groups. The papers were scored independently by 
the regular reader in the course, on criteria set up by the instructor, and by 
the present investigator. Definitions on which the two judges disagreed were 
discarded and not included in the score. The scoring was, of necessity, some- 
what subjective, owing to the nature of the material. The definition was 
scored positively if the student showed any indication of grasping the 
nature of the term and negatively only when the definition was wide of the 
mark or omitted entirely. A representative sample* of one hundred papers 
was studied for each class group. The results of the check might very well 
be entitled—‘‘What the Well-Educated Teacher Does Not Know.” 

The words for which definition or explanation was asked were: metab- 
olism, chromosomes, genes, thorax, diaphragm, abdomen, endocrines, 
foetus, cretin, behaviorism, and heredity. Of these words, the only ones 
known well enough to be defined intelligently by more than a quarter of 
the sample group were /eredity and foetus, and the latter word was wholly 
unfamiliar to over half of the fall-class sample. More than half of all the 
students were unfamiliar with metabolism, chromosomes, genes, endocrines, 
cretin, and behaviorism. Everyday words such as thorax and abdomen had no 
exact connotation for one-third to one-half of the group. The particular 
types of ignorance evidenced are best shown by some abstracts from the 
papers. Some of the definitions which caused gleeful chortles from the 
reader have had to be deleted here in consideration of the fact that pub- 
lishers and postal authorities have their reticences. One might say in pass- 
ing that it appears that the younger generation apparently is less well in- 
formed on the “facts of life” than they like to have us believe. Selecting 
discreetly from the wealth of material at hand, we find that: 

The thorax is a gland in the throat; an organ in the chest region; a disease of 
the throat; a tube in the throat leading to the lungs; a breathing organ in the 
chest in front of the cesophagus; the front region of the body including the ab- 
domen; a bone in the chest; the upper portion of the spinal column; a bone in 
the region of the hip affecting child-bearing. The abdomen is a part of the stomach; 
a muscle in the lower stomach; the organ in which digestion is carried on. The 
diaphragm is a place where one should breathe from; a small organ used in breath- 
ing; a part of the body containing the heart and lungs and opening into a fan 
shape when singing; a boney area compressing the area around the ribs; a bone 
dividing the upper part of the body from the lower; a part of the alimentary 
canal; a strong tissue covering the intestines; the bones or ribs which surround the 
chest. 

Endocrines were quite commonly recognized as glands, but were variously lo- 
cated in the throat, kidneys, intestines, stomach, brain and in the “abdomenal” 
region. They were said to influence digestion, child-bearing, and sexual behavior. 
They were further identified with sweat glands, stomach juices, and nerve endings. 

Metabolism is a breakdown in bodily health; activity of the body in throwing 
off disease germs; process having to do with the purification of the blood; dividing 


* The method of sampling this diverse group is added as an appendix. 
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of sex cells; the process by which the skin adapts itself to the surrounding atmos- 
phere; the process of starch becoming sugar in the mouth; functioning of the nervous 
system; something absolutely necessary for the existence of life; breaking down 
the blood cells; a respiratory process. 

Chromosomes are color cells; a red substance in the ovum; particles in the 
blood which contain hereditary characters and determine sex; cells in the body 
which must be “effected” if there is hereditary weakness. Genes are ancestors; 
species; germ cells; reproductive organs; substance in the blood stream; beginnings 
of a new birth; Man. 

A cretin is a substance in the blood; a sticky substance; a hard substance some- 
thing like lime; a glandular excretion; a form of feeblemindedness found in chil- 
dren due to birth injury; inhabitants of the Isle of Crete; a child whose parents 
had venereal disease. A foetus is reported to be a gland; an offspring; a discharged 
residue; waste material; a substance which later develops into a cell; a place of 
fertilization. 


Behaviorism was missed by approximately eighty per cent of the class, 


a fact of some interest because more than nine out of ten of the students 
reported exposure to at least two psychology courses. Such definitions were 
found as: 


a manner of actions resulting from volition; a method of judging people without 
holding them responsible for their actions; why humans behave as they do; the 
philosophy by which a human acts in response to instincts and cannot help him- 
self; a theory sponsored by Watson which lays stress upon the unconscious; the 
actions of a naughty child; sexual behavior; the actions or habits of behaving or 
being good; traits of young children; how one substance behaves toward another. 


That the vocabulary situation shown in this cursory examination of a 


limited group of students is not peculiar to them alone, seems probable. 
Twenty-five papers picked at random from a pile of two hundred written 
by still another section in the course, yielded in a few moments the follow- 
ing descriptions of physiological terms which had occurred in class lectures 
and class reading: 


the kinds of biological science courses which had been selected by (or for) 








The eustachian tube transmits sounds from the outer ear or collector, to the 
inner ear, or receiver: it is the tube leading from the ear to the nose, which regu- 
lates the balance of the body; that part of the ear which pertains to the sense of 
balance; connects outer and inner ear, and has at its inner end the tympanum or 
ear drum; connects the ear with the nose, eye and throat; the connecting link 
between mother and embryo. Adrenal is that flow of spleen that comes over a 
person when he has the emotion of anger. Hormones are determiners of what in- 
herited characteristics will be; unicellular bodies carrying nerve impulses in the 
blood stream from glands to organs; sex determining cells; a part of the germ cell 
causing traits in an individual. The thymus is the long part of the cerebrum located 
near the top of the brain and has to do with coordination; thymus is the name for 
muscle tone. 


The revelations from this study suggested a further investigation into 
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these prospective teachers during their college preparation for teaching. 
The figures in-Table II furnish some food for reflection in this matter. In 
planning a curriculum leading toward a teaching credential at any level 
of the educational ladder, it would seem advisable to include biological 
materials and techniques which would contribute toward insight into the 
complex matter of the growth, development, and behavior of children, and 
which would provide an adequate general biological vocabulary to make the 
current literature in child study intelligible to the classroom teacher. It 
is not too much to expect a teacher to be able to distinguish a youngster’s 
thorax from his thyroid, and his hormones from his chromosomes. 


TABLE II 


PERCENTAGES OF THE MAIN TYPES OF BIOLOGICAL COURSES REPORTED BY THE STUDENTS 
TAKING “GROWTH OF THE CHILD’ IN A CALIFORNIA UNIVERSITY 


Biological Preparation | Fall 


| Spring Academic | Summer 
Included Class | Class | Year | Class 
College Zoology 42 44 4.5 | 3.8 
College Botany 16.5 18.0 17.5 31.1 
College Biology 11.0 10.0 10.3 28.6 
College Physiology 16.0 10.0 13.5 33.5 


It will be noted in Table II that in the institution in question, zodlogy 
is the leading biological science reported, with botany a not very close 
second. Biology and physiology make relatively poor showings, particu- 
larly with the undergraduates. This predominance of zodlogy is not true 
of the curricula in many of the teachers’ colleges in California, not a few 
of which are now including physiology or biology among the foundation 
courses in teacher-training curricula. It may not be the situation elsewhere 
in the country. However, in this institution, zodlogy is the main biological 
science taken by teachers in training, and judging by the findings here 
reported, it does not prove to be an adequate foundation for the study of 
living children. 

The argument immediately arises that the purpose of these courses in 
zoology and botany is not teacher-preparing, except as taken by students 
preparing directly to teach zodlogy and botany in secondary schools, but 
that they are essentially background and cultural courses, giving necessary 
breadth and depth to the student’s general information. Without decrying 
the very real virtues of zodlogy or botany as a part of the cultural assets 
of a teacher, it is suggested that in planning the science aspects of a cur- 
riculum for the potential teacher of any kind, there should be included 
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some consideration of general biological principles applicable to all living 
) things, and some contact with the structure and functioning of humans, 
: | as well as of conifers and sharks. As a teaching major, either biology or 
physiology is a better choice than either zoology or botany, neither of 
which occurs with any frequency in the curricula of the secondary schools 
of California.* Biology as a teaching major is a particularly good choice, 
since it is one of the “big four” sciences taught in the high schools of 
California and elsewhere.’ Physiology given in the junior or senior year of 
high school has recently been included in the sciences accepted by the Uni- 
versity of California at entrance; hence a need arises for more physiology 
teachers, whom the universities will need to prepare. 
Not all teachers will teach biological sciences, but every teacher will 
deal with that biological phenomenon, the child, and the evidence is ade 
quate to indicate that in many cases they are dealing with biological ma- 
terial concerning whose structure and functioning they have very sketchy 
or entirely erroneous notions. Such a situation is full of dynamite, as many 
a teacher has found to her cost—or the child’s cost. The plea of this paper 
is for adequate general training in biological facts and principles, for every 
| novice-teacher in every teacher-preparing institution in the country. 


| APPENDIX 
Technique Used in Selecting a Representative Sample from a Large 
Class Group with a Wide Variation in Training 
The problem of getting a random but representative sample from a 
group of students with such diverse preparation as occurred in the classes 
used in this study, was sufficiently puzzling to warrant reporting the method 
which was finally worked out for sampling these groups. 
The summer group presented no particular problem in sampling. For 
another aspect of the study of the course, approximately one hundred high 
school teachers in the class had been compared statistically in a number of 
ways with the group of two hundred twenty of which they were a part, 
} and their achievements had been found not to be significantly different 
from their group. They became, then, the sample for the summer group. 
The classes for the fall and spring had approximately the equivalent 
preparation in education and psychology, and in number of biological sci- 
ence courses. It was necessary to find representatives for all degrees of 
biological preparation, and still keep the selection random. The fall ‘class 
was first considered. The questionnaires containing the necessary data were 
sorted into piles according to the number of biological courses indicated, 
using the five classifications listed in Table III. The per cent that each 
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classification was of the total enrollment for the semester was taken from 
Table III. The same procedure was used for the spring class. 


TABLE III 
CLASSIFICATION OF STUDENT QUESTIONNAIRES IN SAMPLING 


Per cent 
Classification aracae . — 
Fall Class Spring Class 
No courses in biology or hygiene | 12 13 
One course, biology or hygiene 23 24 
Two courses, biology and hygiene. 22 28 
Three courses, biology and hygiene 15 16 
27 19 
' 


Four or more courses, biology, hygiene 


The entire enrollment of the fall class was now listed alphabetically, 
and the classification group indicated for each student. The spring class 
was similarly listed separately in alphabetical form and classified. 

One hundred students were next selected from the alphabetical list of 
the fall class, in such a way that each group would be represented in pro- 
portion to its percentage in the total registration, and the spread would 
cover the alphabet, thus: 


Group 1. No courses in biological science forms 12 per cent of the fall group. 
Twelve students were selected by taking every fourth student listed as having no 
biological background, etc. 


One hundred students were then selected from the spring class by pair- 
ing each one of the fall group, both as to biological background and exact 
education courses taken. This was possible in all but Group 5, where varia- 
tions were very great. Here the closest possible similarity, in all cases in- 
cluding as many like courses as the first four groups, was accepted. 

To determine whether the two hundred students so selected were really 
representative of the classes as a whole, the scores of an objective examina- 
tion given at the end of the semester to the fall class were listed, classified, 
and compared with the distributions of the scores of the selected sample 
from this class, and also with the scores of a straight random sample made 
by taking every fourth student straight through the alphabetical list. The 
three distributions were compared statistically and no significant differ- 
ence was found between the scores of the whole class and those of the se- 
lected sample. It was assumed that the sample selected from the spring 
class was also representative, since it was determined by pairing the in- 
dividuals in the fall class, item for item. In checking and tabulating the 
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definitions from the fall sample, such a high percentage of errors and omis- 
sions was found that some doubt was felt as to the representativeness of the 
sample, and seventy-five additional papers taken at random from the pile 
were checked. The added sample failed to change the percentage of errors 
in any case as much as five per cent, and it was, therefore, assumed that the 
original sample of the class gave a fair picture of the comprehension of the 


class in respect to these particular words. 
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Summary of Factual Questionnaire on the Training 
of Prospective Teachers of Science 


A. W. Hurp 
Institute of School Experimentation, Teachers College, 
Columbia University 


Throughout this report the following designations are used: (1) col- 
leges or universities having departments of education; (11) state teachers 
colleges; (III) state normal schools; and (IV) city public normal schools. 
The lists of these institutions were obtained from the United States Educa- 
tional Directory: 1931. Between September 15 and 20, 1931, 859 question- 
naries were sent out to the following: (1) 623; (II) 142; (III) 69; (IV) 25. 
By October 19, 239 returns had been received as follows: (1) 151; (II) 
61; (III) 20; (IV) 7. As further phases of the study necessitated an early 
analysis of these questionnaires, the tables are based on the total of 239, al- 
though additional returns were received after this date. The percentage of 
returns is (1) 24; (I1) 43; (IIL) 29; (IV) 28; total 28. The sampling is 
representative, all states and territories being represented except Alaska, 
Delaware, and Vermont. In most cases, it is approximately 30 per cent. It is 
probable that a much larger percentage of returns would affect very little 
the conclusions stated in the summary. 

It is to be noted that the colleges and universities outnumber the teach- 
ers colleges and normal schools by a large margin. Teachers colleges out- 
number normal schools. There seems to be a tendency away from normal 
schools with two- or three-year curricula toward teachers colleges with four- 
or more-year curricula. Ninety-five per cent of the colleges and univer- 
sities reporting offer curricula of four years or more; 90 per cent of the 
teachers colleges reporting offer curricula of four years or more; 53 per 
cent of the state normal schools offer curricula of two or three years, or less’ 
50 per cent of the colleges or universities offer graduate work beyond the 
fourth year; and 21 per cent of the teachers colleges offer similar graduate 
work. The city public normal schools are divided between the teacher-college 
and normal-school types and are so few in number that they will receive 
minor attention in this report. Thirteen states have. no teachers colleges; 
25 have no normal schools; 6 have neither teachers colleges nor normal 
schools. Some states have a great many colleges or universities; others have 
few. These facts raise the ever important problem of equalization of educa- 
tional opportunity in the whole country; and the equally important problem 
of adequate specific training of teachers for our schools. 
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What particularized provisions are made in these institutions for train- 
ing prospective teachers of science? 

Seventeen per cent of the colleges and universities reporting make no 
specialized provisions for training teachers of science; 53 per cent prepare 
teachers for junior and senior high school only; 12 per cent for particular 
sciences only; and 10 per cent for science for grades 1 to 12 inclusive. Three 
of these institutions specifically prepare teachers of college science. 

Forty-seven per cent of teachers colleges specifically train teachers of 
science for grades 1 to 12 inclusive. Eighteen per cent train only junior and 
senior high school science teachers; 8 per cent train only teachers of par- 
ticular sciences; and 10 per cent make no particularized provisions for 
science teachers. 

Forty-seven per cent of the state normal schools make particularized 
provisions for teachers of elementary science; 16 per cent for science in 
grades 1 to 12 inclusive; while 21 per cent make no special provision for 
training teachers of science as such. 

Forty-two per cent of the city public normal schools specifically train 
teachers of science for the elementary grades only. 

Considering all institutions reporting: 16 per cent make no specific pro- 
visions for training teachers of science; 39 per cent train for junior and 
senior high school only; 20 per cent provide for grades 1 to 12 inclusive; and 
7 per cent consider only the elementary grades. 

How do these institutions provide for specialization for science teaching? 

Sixty-eight per cent of the 155 colleges and universities designated re- 
quirements in terms of majors and minors. This means that each student 
must have a major field in which he specializes and a minor field which is 
next in importance. Three per cent were for majors only, making a total of 
71 per cent for majors, or majors and minors. Twenty per cent were for 
recommended, outlined curricula, and 6 per cent were for specialized, out- 
lined curricula. 

Seventy per cent of the designations from teachers colleges were for 
majors and minors or majors alone; 18 per cent were for recommended, 
outlined curricula; and 4 per cent were for specialized, outlined curricula. 

Thirty-one per cent of the designations from state normal schools were 
for specialized, outlined curricula; and 16 per cent were for majors and 
minors. The tendency in these institutions is to train teachers of the ele- 
mentary grades without much specialization. 

Considering designations from all schools, 68 per cent were for majors 
and minors or majors alone; 19 per cent were for recommended curricula; 
and 8 per cent were for specialized curricula. 
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To what extent do teacher-training institutions offer special diplomas to 
prospective teachers of science as such? 

Eighty-seven per cent of the colleges and universities offer no special 
diplomas; likewise 81 per cent of the teachers colleges, 80 per cent of the 
state normal schools, and 75 per cent of the city public normal schools. 
Seven per cent of the first give special diplomas to prospective secondary 
school teachers of science; likewise 11 per cent of the teachers colleges, and 
10 per cent of the state normal schools. Few special diplomas are given. 

What are the usual specifications for a major and for a minor? 

Forty-eight per cent of all replies signify that a major shall be in one 
subject field of science; 36 per cent that it may be in several sciences; and 15 
per cent that it is specifically outlined. Likewise 46 per cent signify that a 
minor must be in a science field; 40 per cent that it may be in a non-science 
field; and 14 per cent that it is specifically outlined. 

In this questionnaire “professionalized” subject matter was defined as 
subject matter specifically designed for future teachers. The questionnaire 
sought to discover how many of the subject matter courses in science were 
“professionalized” courses. The median percentages for the four types of 
institutions were, respectively, 5.6, 16.8, 75, and 20; with 7.3 per cent for 
all. These percentages are the percentages of all subject matter courses of- 
fered which are “professionalized.” In 89 per cent of colleges and universi- 
ties, less than 10 per cent of the subject matter courses in science are “pro- 
fessionalized.” The same is true for 37 per cent of the teachers colleges, 28 
per cent of the state normal schools, and 33 per cent of the city public 
normal schools. Similarly, in none of the first type are 90 per cent of the 
science subject matter courses “professionalized.” In 24 per cent of the 
teachers colleges, however, more than 90 per cent of the science subject 
matter courses are “‘professionalized.”” The same is true in 47 per cent of 
the state normal schools and in 16 per cent of the city public normal schools. 
Apparently the state normal schools have “professionalized” these courses 
to a greater extent than any of the other institutions, with the teachers col- 
leges second, the city public normal schools third, and the colleges and uni- 
versities last. In fact, the colleges and universities which train the greater 
portion of our teachers have done very little toward “professionalizing” their 
subject matter courses in science. If this “professionalization” may be as- 
sumed to be desirable, there is abundant opportunity awaiting the persons 
who can do the work. 

What subject matter courses in science have been wholly or partly profes- 
sionalized? 


For colleges and universities, of 140 professionalized courses (an average 
of .9 courses per institutions), 38 are in biology; 30 in chemistry; 27 in 
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physics; and a much less number in general science, nature study, elementary 
science, and other sciences in the order given. For teachers colleges, of 195 
professionalized courses (an average of 3.2 per institution), 38 are in na- 
ture study, 35 in biology, 30 in chemistry, 28 in physics, 24 in general sci- 
ence, 18 in elementary science, and 22 in other sciences. For state normal 
schools, of 46 such courses (an average of 2.4 per institution), 10 are in 
biology, 9 in nature study, 7 in elementary science, 6 in general science, and 
a less number in other sciences. For all institutions the rank order is bi- 
ology, nature study, chemistry, physics, general science, and elementary 
science. 

How many special methods courses are offered by these teacher training 
institutions? 

For the four types of institutions, the average per institution is, respec- 
tively, 1.4, 1.8, .42, and .1. The teachers colleges and the colleges and uni- 
versities evidently pay more attention to special methods courses. There 
are, however, none of these courses in 41 per cent of the first type, 26 per 
cent of the second type, 68 per cent of the third, and 86 per cent of the 
fourth. Perhaps it may reasonably be inferred that where the subject matter 
courses are “professionalized” to the greatest extent, there is less need for 
special methods courses. 

For all institutions, the rank order of special methods courses is: biology, 
chemistry, secondary science as a whole, physics, general science, elemen- 
tary science, science as a whole, and physical science, with others scattered. 

To what extent are practice-teaching and observation courses offered by 
teacher-training institutions? 

In a very few cases, practice teaching and observation are separate 
courses. In most cases, they are combined. The average per institution for 
the four types of institutions are, respectively, 2.3, 3.0, 1.1, and .8. Teachers 
colleges and colleges and universities evidently offer more of these courses 
as well as special methods courses. Perhaps this is because they are larger 
institutions and enjoy more facilities in the line. There are, however, none 
of these courses in 23 per cent of the first type, 16 per cent of the second 
type, 47 per cent of the third type, and 86 per cent of the fourth type of 
school. 

For all institutions, the rank order in the number of practice-teaching 
and observation courses is: biology, chemistry, general science, physics, and 
elementary science, with the other sciences few in number and scattered. 

How many and what kind of specialized courses in the teaching of sci- 
ence in addition to “professionalized” subject matter, special methods, prac- 
tice teaching, and observation courses are being offered in teacher-training 
institutions? 
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Of the four types of institution represented, 86 per cent of the first 
offer no additional courses. Likewise 74 per cent of the second, 95 per cent 
of the third, and 100 per cent of the fourth. Colleges and universities rank 
first in the number of such courses offered because there are so many more 
of these institutions. The most frequent course is “Science Teaching,” fol- 
lowed in order by “Researches in Science Teaching,” “Supervision in Sci- 
ence Teaching,” and “Problems in Science Teaching.” The following courses 
appear with a frequency of one in the 239 institutions replying: “Science 
Education,” “Seminar in Science Education,” “The Curriculum in Science,”’ 
“Trends in Science Teaching,” “Materials and Methods in Science Teach- 
ing,” “Laboratory Apparatus Construction,” and “Laboratory Demonstra- 
tions and Techniques.” 

What teaching experience in typical school situations and what profes- 
sional training have teachers in special methods courses in science teaching 
had? 

The questionnaire data show that of 314 special methods courses re- 
ported, 81 per cent were taught by teachers having a minimum of five years 
experience in a typical school situation. Sixty-four per cent of these courses 
were taught by teachers having degrees from teachers colleges or schools of 
education, or diplomas from normal schools. It will be generally agreed that 
all teachers of these courses should have considerable experience in typical 
school situations, and that professional training is cssential. 

What curriculum requirements are being made in teacher-training in- 
stitutions for prospective teachers of science? 

Only colleges and universities and teachers colleges returned adequate 
information on this point. Generally the state normal schools make few 
specific provisions for science teachers, and the city public normal schools 
replying were few in number. Data were fairly complete for 95 colleges and 
universities and for 32 teachers colleges. The semester-hours of credit re- 
quired in science subject-matter courses in the first type of institution 
ranged from approximately 15 to 60, with a median of 35.5 semester hours; 
and in the second from approximately 15 to 65 with a median of 35.0 semes- 
ter-hours. For psychology, the range in the first type of institution was from 
none to approximately 20, with a median of 6.7 semester-hours; in teachers 
colleges, from 1 to 10, with a median of 6.5 semester-hours. For educational 
methods and philosophy, the range in the first type was from 0 to 50, with 
a median of 7.5 semester-hours; in teachers colleges, from 0 to 30, with 
a median of 8.7 semester-hours. For all pedagogical courses including psy- 
chology, special methods, practice teaching, and observation, the range in 
colleges and universities was from 5 to 50, with a median of 20.3 semester- 
hours; in teachers colleges, from 10 to 50, with a median of 24.2 semester- 
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hours. The two types of institution are not widely divergent, but the teach- 
ers colleges show some tendency toward more requirements in purely pro- 
fessional courses. 

Suggested desirable provisions in training teachers who will teach science 
are: 

1. Adequate training of teachers of science for grades 1 to 12, and col- 
lege teachers as well. Create a demand for well trained teachers of science. 

2. The use of majors and minors provides a good method for caring for 
differentiation, with certain requirements in strictly professional courses. 
Individual majors and minors should be determined by the kind of teaching 
the teacher expects to do. 

3. Professionalize all subject-matter courses for prospective teachers 
except certain advanced elective courses the student may wish to take. 

4. Special methods courses may be eliminated if subject-matter courses 
are properly professionalized. 

5. Require adequate practice-teaching and observation courses com- 
parable to the interneship of the medical profession. 

6. Require of teachers in teacher-training institutions a minimum of 
five years in a typical school situation and adequate professional training in 
a teacher-training school. 


Research Studies Related to the 
Teaching of Science 


CHARLES J. PIEPER 
New York University 
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* Continued from the October issue. 
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Achievement in General Chemistry as It Is 
Related to Certain Learning Abilities 


WILtIs JosepH Bray, Ph.D. 
Northeast Missouri State Teachers College 
Kirksville, Missouri 


The fact has been recognized for a number of years that the percentage 
of failures in general chemistry is high. In spite of this fact there has been 
little effort to ascertain adequate bases for the improvement of instruction 
to the end that the number of those who fail may be reduced. It seems that 
systematic effort to improve instruction should be based on a study of the 
learning abilities concerned in the study of chemistry. This study concerns 
itself largely with a consideration of the fundamental learning abilities 
which may function in the study of general chemistry, and the relationship 
between such abilities and achievement in the subject. 

It was found necessary to construct tests in order to measure the ability 
of students to read in the field of chemistry. Accordingly, the following 
named reading tests were constructed: The Expositive Reading Test, here- 
after known as No. 1; The Chemistry Vocabulary Test, hereafter known as 
No. 2; and the Reading for Directions Test, hereafter known as No. 3. In 
addition to these three tests, two tests were constructed in order to measure 
the ability of students to select the steps that are necessary in solving a 
laboratory problem in chemistry, and their ability to rank those steps after 
they have been selected. These two tests are hereafter known as Nos. 4S and 
4R. Each test was constructed in two equivalent forms, Form A and Form B. 
The textbook analysis technique was used to insure validity of reading selec- 
tions and laboratory problems. The words selected for the vocabulary test 
were taken almost wholly from the Pressey Word List.’ These tests were con- 
structed in multiple-choice form and their reliability determined by ad- 
ministering them to a typical group of college students in beginning general 
chemistry. The correlation of form against form proved them to be satis- 
factory in this regard. 

At the beginning of the term (1929-1930) in which this study was under- 
taken, the cooperation of five colleges in Missouri was secured, having a 
total enrollment in beginning general chemistry of about 325 students. These 
students were found to be, in all respects, typical college students of general 

* This paper is abstracted from a Doctor’s dissertation presented by the writer in 
the Graduate School of the University of Missouri in 1931, and published as Bulletin 
No. 6, Vol. XX XI, of the Northeast Missouri State Teachers College, Kirksville, Mo. 
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chemistry.* Within the first few weeks of the term, Form A of each of the 
special tests constructed for this study was administered, along with the 
Iowa Chemistry Training Test (Form A, Revised) and the Otis Self Ad- 
ministering Test of Mental Ability, Higher Examination (Form C). At the 
end of the fall quarter, Form B of each of the special tests was administered, 
as well as the Whipple High School and College Reading Test (Form B), 
the Holley Sentence Vocabulary Scales (Series 3B), and the Iowa Chemistry 
Training Test (Form B). 


Results 
Special Test, Number 1, Expositive Reading 
This test is designed to measure the ability of students to read the kind 
of literature found in typical general chemistry textbooks. Figure 1 shows 





| Fig No I 


Distribution of Scares on Special Test No. /. 
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the distribution of scores on the two forms of this test. The mean score on 
Form A of this test is 22.05 out of a possible 40. This indicates that the 
average student reads this type of literature at the beginning of his study 
of college chemistry with an efficiency of about 55 per cent. The best stu- 
dent in the group scored 19.5 times as high as the poorest. The coefficient 

* The five colleges cooperating in this study were: The Southeast Missouri State 
Teachers College, Cape Girardeau; the Southwest Missouri State Teachers College, 
Springfield; the Central Missouri State Teachers College, Warrensburg; Culver-Stockton 


College, Ganton, Missouri; and the Northeast Missouri State Teachers College, Kirks- 
ville. 
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of variability of the group is 29.32 for Form A. The Standard Deviation is 
6.46. The mean score on the Form B of this test, given at the end of the 
term, was 16.85. This is appreciably lower than the mean of Form A of 
this test, although the two forms of this test showed high correlation on the 
pre-test with practically no difference between the means. No reason is 
given for this apparent decrease in the ability of students to read expositive 
chemical literature during their first quarter of study on the subject in col- 
lege. There is certainty of a significant difference in favor of the mean of 
Form A over the mean of the Form B. The standard deviation of the Form 
B is 6.75 and the coefficient of variability is 40.05. 
Special Test Number 2, Chemistry Vocabulary Test 

This test is designed to measure the students’ command of the technical 

vocabulary of general chemistry. Form A was given at the beginning and 


Fig No2 
| Distribution of Scores on Special Tast No 2 
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Form B at the end of the quarter. Figure 2 shows the distribution of scores 
on the two forms of this test. According to this test, the average student 
knew 44.5 per cent of the technical words met at the beginning of the 
quarter. The best student had a technical vocabulary about 6.6 times as 
great as the poorest student in the group. The standard deviation is 6.4, and 
the coefficient of variability is 37.98 on Form A. 

On the Form B of this test, the average student scored 47.5 per cent of 
the possible score. The poorest student would have to master about 87 
per cent of the technical words met, while the best student would already 
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have mastered about 87 per cent of these words. When it is considered that 
each technical word carries with it a technical concept that cannot be easily 
mastered by merely studying the definitions given in a dictionary or a text- 
book, the significance of these data may be more readily understood. 


The Reading for Directions Test, Special Test Number 3 


It is recognized that reading for directions and reading of expositive 
material involve different abilities. This kind of reading ability functions 
in laboratory work when a student reads directions for performing an ex- 
periment, and then reacts to these directions. On Form A of this test the 
average student scored 78.5 per cent of the possible score, while on Form B 
the average student scored 73.1 per cent of the possible score. The distribu- 
tion is strongly skewed negatively, yet the coefficients of variability (20.34 
and 19.67) are sufficiently high to show that the test was difficult enough 
to scatter the group widely. No reason is assigned for the apparent decrease 
in the ability of students to do this type of reading during their first quarter 
of the study of chemistry in college. There is practical certainty of a sig- 
nificant difference in favor of the average of Form A over the average of 
Form B. 


Special Test Number 4S 


The ability to solve a chemical laboratory problem is not necessarily a 
reading function, and yet it is one that should play a part in the success of 
a student in general chemistry. This test is intended to measure the ability 
of a student to start with a definite chemical fact and determine the steps 
that would have to be carried out in solving a laboratory problem involving 
that fact or principle. 

The average student performed with an efficiency of somewhat less than 
42 per cent on Form A of this test. The poorest student in the group was 
not able to score on this test, while the best student was able to score 84.6 
per cent of the possible score. The range of scores (34) and the coefficient 
of variability (51.22) both indicate the unusually great difference in the 
ability of students to do this kind of work. 

All measures of central tendency and of dispersion are greater on Form 
B than on Form A which was given at the beginning of the term, the co- 
efficient of variability alone being distinctly less on Form B. There is prac- 
tical certainty of a real difference between the means of the two forms in 
favor of the mean score on Form B. This indicates an apparent increase in 
the ability of the students to select the steps necessary to the solution of 
chemical laboratory problems during their first quarter of study of the 
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subject of general chemistry in college. One is impressed with the fact that 
the variability of the group is so great on either form of this test that a 
large number of students would find themselves facing an almost impossible 
task if called upon to perform this kind of work. Most laboratory work 
done is not of this character, but consists of exercises in which the student 
merely follows printed directions in the laboratory. It has been shown that 
there is a definite, significant relationship between the ability to solve such 
problems as this test presumes and achievement in general chemistry, as 
measured by the lowa Chemistry Training Test. In view of this fact it might 
be well for teachers to look with greater favor upon this kind of laboratory 
work. 


Special Test Number 4R 


In solving a laboratory problem in chemistry it seems evident that the 
student should be expected not only to select the necessary steps to take in 
solving the problem, but also to rank the steps in the order in which they 
would have to be carried out in the laboratory. 

The average student in the group scored only 36.2 per cent of the pos- 
sible score on the Form A of this test. The poorest student in the group 
was unable to score on this test, while the best student in the group scored 
84.6 per cent of the possible score. The measures of central tendency on 
Form B are all greater than those on Form A, while the variability in the 
case of Form B is considerably less than that on Form A. The coefficients 
of variability (49.61 and 38.73) are both very high, indicating a wide range 
in ability of the students to perform this kind of work. There is practical 
certainty of a real difference in favor of the mean of the Form B over the 
mean of Form A of this test, which indicates that there is an apparent in- 
crease in the ability of the students to perform this kind of work after one 
quarter of study of the subject in college. The average student, however, 
does not seem to be able to perform this kind of work with anything ap- 
proximating satisfactory efficiency. 


Special Tests Number 1, 2 and 3, combined as a battery 


4 


Figure 3 shows the distribution of scores on the battery of tests com- 
posed of Special Tests Numbers 1, 2, and 3 arranged to measure, in one 
set of scores, the ability of the students to read chemical literature. The 
average student performed with an efficiency of 57 per cent on Form A 
of these tests, and 56 per cent on Form B. The standard deviations are 15.93 
and 14.33 on the two forms of this battery. When the three separate meas- 
ures of reading are considered together there is not certainty of a decrease 
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in the ability of students to read the chemical literature after one quarter of 
study of the subject in college. This, however, supports further the belief that 
the ability to read chemical literature is not a simple function, but may be 
made up of several quite distinct abilities, certain of which may increase 
or decrease independent of the others during the period when the student is 
endeavoring to orient himself in the study of a new subject. 
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Special Tests Number 4S and 4R, as a Battery 
When the scores on Special Tests Numbers 4S and 4R are arranged as 
a battery the combined scores should measure the ability of the students 
to solve a chemical laboratory problem. Figure 5 shows the distribution of 
scores on this battery. 


a 5 
— 
‘ 
form £ 
A 
~FormA SS : 





The Whipple Reading Test 

In order to measure the general reading ability of the students the 
Whipple Reading Test was administered. As measured by this test the 
average student read with an efficiency of 44.7 per cent of the possible 
score. The standard deviation is 6.25. The coefficient of variability (66.91) 
is so exceptionally high that it appears to be especially significant. Whipple 
states in his directions for using the Whipple Test that ‘“‘unless otherwise 
explicable, a low score in this test (say below the 20th or the 10th percentile 
point) raises the presumption that the student has distinctly inferior read- 
ing ability in silent reading generally. Unless he can remove this handicap 
by special training in reading he should be either discouraged from under- 
taking advanced academic work or should be prepared to follow a reduced 
schedule of courses with corresponding lengthening of the time needed for 
graduation.” About 12.8 per cent of the present group of students fall within 
the limits set by Whipple for “distinctly inferior” readers, while about 14 
per cent of the present group read with an efficiency that would place them 
above the 90 percentile point. 











156 SCIENCE EDUCATION [ VoL. 16 No. 2 


The Holley Vocabulary Scales 


In order to measure the general word knowledge possessed by the stu- 
dents of this group the Holley Sentence Vocabulary Scales were admin- 
istered. Reading is based not only on a knowledge of technical words, but 
also on the command of general vocabulary. There is no doubt but that suc- 
cess in reading depends to a large extent on the ability of the reader to 
comprehend accurately and quickly the meaning of the words used. It was 
found that the average student would probably know about 64 per cent of 
the words which he would need, as measured by this test. The standard 
deviation is 8.47 while the coefficient of variability is 18.92. 


The lowa Chemistry Training Test 


Figure 6 shows the distribution of scores on the two forms of the Iowa 
Chemistry Training Test. The average student in the group scored 18 per 
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cent of the possible score at the beginning of the term. The poorest student 
scored one on this test, while the best student scored 141 out of a possible 188. 
The mean score on the Form B of this test was nearly twice as high as the 
mean of Form A. The standard deviations are 22.65 and 26.75 respectively 
while the coefficients of variability are 66.67 and 42.74 respectively. At the 
end of the term the scores ranged from 10 to 163. 
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Intelligence Quotients 
Whatever may be one’s attitude toward the intelligence quotient as a 
measure for use in the study of college students, the fact is that it is being 
widely used and that it does seem to bear a significant relationship to achieve- 
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ment in academic fields. Figure 7 shows the distribution of intelligence 
quotients of the students of this group, the average age of whom was found 
to be 19.25 years. The mean intelligence quotient is 105.94. The range 
is from 79 to 131, with a standard deviation of 10.33. 


A Study of Achievement in General Chemistry as Related to 
Performance on Other Tests 


Table I shows the coefficients of correlation of the first Chemistry Train- 
ing Test scores with scores on other tests. 

Battery A of the Special Tests, correlated with the Chemistry Training 
Test, gives a predictive index of 27.62, according to the method given by 
Hull.? The intelligence quotients correlated with CT1-A scores give a pre- 
dictive index of 11.73. The battery of special tests, and also Special Test 
No. 2A, have predictive values that approach closely the maximum predic- 
tive value of modern tests as given by Hull. 

Table II gives the coefficients of correlation of the second Iowa Training 
Test scores with scores on other tests. 
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TABLE I 


CORRELATION OF CT1-A Scores WitH OTHER Test SCORES 


Test rt PS. 
Special Test No. 1A ; ' 0.55 025 
Special Test No. 2A 0.67 022 
Special Test No. 3A 0.34 035 
Special Test No. 4AS 0.55 027 
Special Test No. 4AR 0.44 032 
Special Tests No. 1, 2, and 3, Form A ..0.58 .026 
Special Tests, Battery A complete . 0.69 021 
Whipple Test (Reading) . 0.29 036 
Holley Vocabulary Test 0.37 .038 
Intelligence Quotients ...............seece0. ; 0.47 035 


TaBLe II 


CORRELATION OF CT1-B Scores WiTH Scores ON OTHER TESTS 


Test r= BS. 
Special Test No. 1B . 6k a See i bah dik ce oh Oe METRE 0.55 027 
Special Test No. 2B ettatens 0.60 025 
Special Test No. 3B sini Saag cate ‘ .0.18 037 
Special Test No. 4BS . j : 0.41 033 
Special Test No. 4BR ee : 0.41 .033 
Special Tests No. 1, 2, and 3, Form B peennes ater 0.56 027 
Special Tests, Battery B, complete ... - ; 0.54 027 
Special Tests No. 4BS and 4BR } ole’ , ‘ .0.39 033 
Whipple Reading Test ... 5 oval Soman 0.33 035 
Holley Vocabulary Test where 5 RES OTS aL 035 


TaBLe III 


CORRELATION OF TEACHERS’ MARKS WITH SCORES ON VARIOUS TESTS 


Tests r + PE. 
Special Test No. 1B...... aa Re ee ee a ....0.45 0.031 
Special Test No. 2B. per 0.41 0.033 
Special Test No. 3B. ‘ .0.09 0.039 
Special Test No. 4BS. , SPesle : 0.40 0.033 
Special Test No. 4BR. ; 0.33 0.033 
Special Tests No. 1, 2, and 3, Form B.. 0.41 0.037 
Special Tests, Battery B complete... 0.47 0.031 
Special Tests No. 4BS and 4BR.......... >> eS? 0.033 
Holley Vocabulary Test........ jhe . eer 0.0042 
Whipple Reading Test ; 0.25 0.036 


Intelligence Quotients. ret eae : .0.26 0.042 
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The correlations in Table II tend to support the conclusion that reading 
in the field of chemistry is a rather specific function which may not be ac- 
curately measured by instruments intended to measure general reading 
ability in other fields. 

The correlations of teachers’ marks with other scores are given in Ta- 
ble IIT. 

It is seen that most of the correlations shown in Table III are too low 
to be of any special significance and all are lower than the coefficients of 
correlation shown in Tables I and II wherein the same test scores are cor- 
related with the scores made on the two forms of the Iowa Chemistry Train- 
ing Tests. 

Table IV shows the coefficients of correlation of some of the tests with 
intelligence quotients. 


TABLE IV 
CORRELATION OF INTELLIGENCE QUOTIENTS WITH OTHER TEsT SCORES 
Tests y= Fa. 
Special Tests No. 1, 2, and 3, Form A........ 0.70 0.024 
Special Tests, Battery A complete. . eee .0.70 0.024 
Special Tests No. 4AS and 4AR. clei ees . 0.52 0.036 
Whipple Reading Test...... 0.64 0.026 
Cg Se eee reer cere . 0.56 0.033 


An examination of Table IV shows that there is a substantial relation- 
ship between intelligence quotients and scores made on the batteries of 
special tests. 

Partial correlation studies strongly support the conclusion that, of all the 
measures used in this study which might be used for predictive purposes, 
the special tests constructed for this study have the highest value in pre- 
dicting success in the study of chemistry. 


Summary of Results 


The results of this study seem to justify the following conclusions: 

1. The average student reads expositive chemical literature with an ef- 
ficiency of not greater than 55 per cent. 

2. Even the superior students had great difficulty in selecting and stating 
the central theme or main thought of reading selections. 

3. The average student probably has a general reading efficiency, as 
measured by the Whipple Test, of not to exceed 44.7 per cent. 

4. The average student at the beginning of his study of college chem- 
istry would probably not know more than 44.5 per cent of the technical 
words met in a typical chemistry textbook. 
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5. The average student of college chemistry would probably not know 
more than 64 per cent of the non-technical words met in his study. 

6. There is a significant relationship between chemistry achievement, as 
measured by the Iowa Test, and the ability to read chemical literature, as 
measured by the battery of special tests. 

7. As measured by the battery of Special Reading Tests, the average 
student probably reads chemical literature with an efficiency of not greater 
than 57 per cent. 

8. There is an extremely wide range of ability of students to learn chem- 
istry, as measured by the special tests. 

9. The average student at the beginning of his study of college chemistry 
would probably not be able to score more than 18 per cent of the possible 
score on the Iowa Test. The range of scores is so great (1-141) that it con- 
stitutes a major teaching difficulty in any college where classes cannot be 
sectioned on the basis of ability. 

10. A study of the results of partial correlation indicates that, of all 
measures employed in this study which might be used for predicting the 
probable success of students in the study of general chemistry in college, the 
battery of special tests is most efficient. 


Conclusions of Pedagogical Significance 


President L. D. Coffman, of the University of Minnesota, in discussing 
the improvement of instruction in institutions of higher learning said: 

The efficiency of our higher institutions of learning in the future will be de- 
pendent upon .. . the extent to which they guide students wisely, train them in 
proper habits of thinking, become interested in their individual abilities and per- 
sonal welfare, reorganize the materials of instruction, improve the methods of 


teaching, introduce programs of work adapted to modern society and to the needs 
of the students.* 


It has been pointed out in this study that extreme differences exist in 
the ability of students to perform those basic functions that seem to condi- 
tion success in the study of general chemistry. The question naturally arises 
as to how to meet the problem of the individual differences in the ability 
of students in the usual classroom situations. 

It seems obvious that if the problem which has been pointed out is to 
be solved, there must be serious effort at individualization of instruction. 
This study does not presume to prescribe exact means for meeting all of the 
difficulties that have been pointed out in connection with this problem. That 
is a proper topic for another investigation. There are, however, some gen- 
eral observations that might be made bearing on the pedagogical implica- 
tions of this problem. 
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It should be obvious that discovery of the disabilities of the individual 
student should be discovered for the purpose of remedial treatment, if pos- 
sible, while specific abilities should be discovered for the purpose of being 
nourished and encouraged. It would appear that the time has passed when 
the teacher, even of college classes, can justify an attitude of indifference 
toward the specific problems of the individual student. Students should be 
dealt with as individuals and not collectively. The student who has a reading 
disability in chemistry should be given every encouragement and assistance 
by the teacher in meeting his problem. Georges states that “systematic cor- 
rective work must be based upon information, not on guesswork.’”* 

College students in certain institutions are being taught to read after 
they enter as freshmen. Pressey and Pressey have shown that students en- 
tering Ohio State University with reading disabilities can be taught to im- 
prove their reading.’ These investigators are of the opinion that training 
in general reading ability is likely to carry over and show improvement in 
all fields of work. Miller has also demonstrated in his studies at Christian 
College that college students can be taught to improve their reading.® Similar 
conclusions have been drawn by E. S. Jones at the University of Buffalo, 
C. C. Crawford at the University of Idaho, H. H. Remmers at Purdue Uni- 
versity, W. F. Book at Indiana University and A. C. Lemon at the Univer- 
sity of Iowa, while A. C. Eurich, in the University of Minnesota, is not so 
hopeful. 

The fact should be noted, in this connection, that practically all of the 
remedial work referred to above has been carried on in the field of general 
reading, which, according to this study, does not bear a significant rela- 
tionship to achievement in general chemistry. Very little work was reported 
on the improvement of reading in the technical field of chemistry. It ap- 
pears that reading of chemical literature involves reading disabilities not 
found in general reading. O’Brien says, “Different modes of reading, dif- 
ferent types of reading attitudes are induced by different kinds of sub- 
ject matter. There are highly complex patterns of reading, highly individu- 
ated, not one uniform mechanical procedure.’” It is felt, therefore, that both 
diagnostic and remedial measures should be specific. 

It must not be forgotten that the instructor owes fully as much to the 
superior student as he does to the less fortunate or retarded ones. In many 
cases the superior student is not stimulated to work to full capacity, with 
the result that he often develops habits of indolence and indifference which 
limit his later growth and development. 

One can hardly hope that individual differences will cease to exist. As 
long as students are born with different capacities for intellectual activities, 
just so long may we expect to be faced with the problem of individual 
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differences in whatever ability we may care to consider. It seems that in- 
dividualization of instruction has lead to the point where educators should 
be prepared to make as careful a diagnosis as possible of the abilities and dis- 
abilities of each student, and plan for his intellectual development with all 
of the care and precision of the trained physician who ministers to the physi- 
cal man. 
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BeNepiIcT, RatpH C. “What Effect Do 
You Have on Your Pupils?” School Sci- 
ence and Mathematics 31: 836-840; Oc- 
tober, 1931. 

This article presents a score sheet in- 
tended to be helpful to supervisors and 
teachers for rating the quality of teaching. 


—A.W.H. 


BRAKELEY, GEorGE A, “Tuition and Cost 
of Education.” The Educational Record 
12: 312-321; July, 1931. 

What part of the cost of his education 
should a student pay? The author com- 
pares past and present practices with prob- 
able future tendencies in answering this 
question. Tuition charges have been greatly 
increased within the last few years and the 
chances are that there will be further in- 
creases. However it is a difficult question 
to determine what proportion of the edu- 
cation cost should be borne by the stu- 
dent. The author indicates the various fac- 
tors involved and states as his conclusion 
that, normally, tuition should not be ex- 
pected to pay over half of a student’s edu- 
cation cost. —C.M.P. 


Buckner, Maste A. “A Study of Pupil 
Elimination in the New Haven School.” 
The School Review 39: 532-541; Sep- 
tember, 1931. 

The author made a study to determine 
why New Haven high school pupils left 
school before graduating. The study in- 
volved 801 pupils who left school during 
the years 1923-27. Personal interviews were 
had with 196 pupils. Factors affecting 
elimination were: over-ageness; failure in 
one or more school subjects; personality 
traits; intelligence; attitude of individual 
toward school; economic conditions. 

—C.M.P. 
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Croroot, MentHa. “Amount of Time 
Spent in School Work in Terms of 
Teacher Hours and Pupil Hours.” Edu 
cational Administration and Supervision 
217: 446-452; September, 1931. 

This summarizes the findings of a study 
carried out in the public schools of Brem 
erton, Washington. Seventy-nine teachers 
were included in the study. The average 
grade teacher spent 17 hours, 18.57 min 
utes in out-of-class work each week in 
such activities as preparation of assign 
ment, correction of papers, make-up work 
for students, extra-curricular activities, 
and miscellaneous duties. The average 
grade teacher spent 43 hours 47.19 min- 
utes weekly in her school work. In high 
school the time 22 hours, 37.58 minutes 
in out-of-class work and 48 hours, 30 
minutes in all school work. Science teach 
ers ranked slightly below the average in 
both out-of-class work and in total school 
work. Summaries are given for each sub 
ject-matter teacher. 

C.M.P. 


Jacoss, CHARLEs L. “Some Vital Problems 
in the Guidance of Candidates for Teach 
er Training.” California Quarterly of 
Secondary Education 7: 60-66; October, 
1931. 

Teaching is no longer a free-for-all oc 
cupation open to anyone and everyone 
who fails to find something more lucrative 
to engage his time. Teaching is definitely a 
profession, requiring precise preparation 
and with the oversupply of teachers now 
existing in every state, higher standards of 
qualification can be and are being de- 
manded. Who shall be advised and en 
couraged to enter the teaching profession? 
The author lists twenty-five teaching 
traits which were compiled under the di- 
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rection of W. W. Charters. Prospective 
teachers might well rate themselves as to 
these traits, and should also ask themselves 
certain other questions which the author 
has included. C.M.P. 


WituiaMs, Lewis Warp “Turnover Among 
Secondary Teachers in Illinois.” The Phi 
Delta Kappan 14: 37-39; August, 1931. 
This article is an abstract of a thesis 

submitted in partial fulfillment of the re- 

quirements for the degree of Doctor of 

Philosophy in Education in the Graduate 

School of the University of Illinois, 1931. 

The investigation had as its purpose the 

determination of teacher turnover in the 

high schools of Illinois accredited by the 

University of Illinois. Chicago high schools 

were not considered. The period covered 

ten years, 1921-1931. Findings were: teach- 
er turnover varied from 38.7 per cent in 

1921 to 18.6 per cent in 1930, with an 

average of 25.4 per cent. Turnover is great- 

est in small schools and tends to decrease 
as size of school increases. There is not 
much variation in the rate of turnover for 
teachers in the various subject-matter 
fields. Both teachers and principals give 
professional factors as the chief cause of 
turnover and economic factors as the sec- 
ond cause. C.M.P. 
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Wricut, Frank L. “A Comparison of 
College and University Graduates with 
Graduates of Teachers College in their 
Preparation as Prospective Secondary 
Teachers.” Educational Administration 
and Supervision 17: 453-461; Septem- 
ber, 1931. 

This is the résumé of a study made by 
the author to determine the training of 
secondary teachers who graduate from dif- 
ferent types of educational institutions. 
The high school and college records of 
34 graduates from Teachers College A, of 
54 graduates from Teachers College B, of 
45 graduates of a school of education of 
a university, and of 61 graduates of the 
arts college of a private university, were 
analyzed. Wide variation was found in 
the type of training received. The average 
number of semester hours devoted to sci- 
ence in this institution were: Teachers 
College A, 15.8; Teachers College B, 9; 
School of Education, 18; Arts college, 14.5. 
Students from the school of education were 
prepared to teach a greater number of 
subjects. The author urges further research 
to determine what education teachers ac- 
tually receive and which type of education 
is most conducive to good teaching, as evi- 
denced on the job. 

—C.M.P. 


Science Education in General 


NEvREITER, P. R. “A Comparison of Sci- 
ence Curricula in European and Ameri- 
can Schools.” Journal of Chemical Edu- 
cation 8: 2040-2045; October, 1931. 
The education of a French and German 

scientist is briefly outlined from the first 

grade up to the reception of the doctor’s 
degree. The author, who has lived in Eu- 
rope for twenty-eight years but had taught 
in an American college for the last three 
years, believes that the European student 
is prematurely forced into the narrow path 
of specialization, that he lacks guidance 
and encouragement and those beneficial in- 

fluences which tend to mold him into a 

good citizen. In respect to American edu- 

cation, he believes that the American Lib- 
eral Arts College is superior to anything 
which European education has to offer, but 


that we are neglecting the exceptionally 
gifted students. 
—C.M.P. 


PLATT, WASHINGTON and Baker, Ross A. 
“The Relation of the Scientific ‘Hunch’ 
to Research.” Journal of Chemical Edu- 
cation 8: 1969-2002; October, 1931. 
The authors, by means of a question- 

naire, made an attempt to determine 

whether or not “hunches” or “intuition” 
entered into the discoveries made by some 
of the leading scientists selected from the 
latest edition of “American Men of Sci- 
ence.” A total of 232 replies were received 
from the 1,450 questionnaires sent out. 

Representatives’ replies have been quoted 

at length. 

In general there seem to be two types of 
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research workers. The one type first gets 
a working hypothesis and then accumu- 
lates data to test it. The second type ac- 
cumulates data until the general theory 
underlying them becomes obvious. One 
type is the guesser type and the other the 
accumulator type. Both types seem to ex- 
ist among the scientists in approximately 
equal numbers. Replies appear to prove 
that certain conditions are favorable for 
creative mental achievement and that cer- 
tain other conditions are usually unfavor- 
able. 
—C.M.P. 


Touton, Frank C. “Research Projects of 
the Secondary School Level Carried on 
in California Cities During 1930-1931.” 
California Quarterly of Secondary Edu- 
cation 7: 86-111; October, 1931. 


This is the third compilation of research 
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projects carried out in the secondary 
schools of California. Each project is re- 
ported by city, title, person responsible, 
nature of project, and findings. A total of 
sixty-two projects are reported. Those re- 
lating to science were: “Science Interests” 
carried out by Charles H. Nettels in the 
Los Angeles Schools (Reported in Science 
Education in March, 1931 and May, 
1931); “Predicting Success in the Study of 
Chemistry” by James F. Bursch of the 
Sacramento Public Schools; “Equipment 
Standards for General Science, Grades 7, 
8 and 9” by Arnold Joyal and R. E. 
Rutledge of the Oakland Public Schools; 
“Textbook Adoption and Evaluation Pro 
cedures” by M. E. Herriott of the Los 
Angeles Public Schools. In the latter study 
chemistry, physics, and general science 
were among the subjects evaluated. 
—C.M.P. 


Science in Grades Seven, Eight, and Nine 


OsBuRN, DorotHy Frances. “The Use of 
Visual Aids in Teaching General Science 
by a Contract Method”. California 
Quarterly of Secondary Education 7 : 14- 
18; October, 1931. 

Types of visual aids which the author 
has found useful in teaching general science 
by the contract plan in the Westlake 
Junior High School of Oakland are: ex- 
hibits, models, excursions, pictures, charts 
and diagrams, maps and globes, stereo- 
graphs, stereoptican slides, still films and 
motion pictures. Three topics are selected 
as examples to illustrate the use of visual 
aids in teaching general science by the con- 
tract plan: “The Solar System and Its 
Neighbors,” “Science in Industry,” and 
“The Contributions of Science to the 
Modern Home.” 

—C.M.P. 


NicuHots, M. Loutse. “Adaptation of Tests 
in Science to Differing Abilities’. School 
and Society 34: 409-412; September 19, 
1931. 

The writer reports the results obtained 
from a series of science tests given to ninth 
grade girls in the South Philadelphia High 
School for Girls. The girls were one or 


more years retarded and had intelligence 
quotients ranging from 75 to 121. The 
author concludes from her study that tests 
for those of a lower I.Q. must present only 
a few items and that these few must be of 
a concrete nature. Application of princi- 
ples to new situations can be expected only 
when the new situation differs but slightly 
from one that is already familiar. 


C.M.P. 


SIcHLER, Evizasetu G. “A Socialized Sci- 
ence Project.” School Science and Math 
ematics 31: 829-835; October, 1931. 
This is an account of an experiment con- 

trasting the work of a “recitation class” 
with a “project class” in general science 
The first was the conventional type and 
the second a socialized-project type. Test 
results showed the conventional plan equal 
to or exceeding the socialized project plan, 
with three sets of pupils, but the experi- 
menter contends that certain unmeasured, 
observed characteristics in the realm of at- 
titudes and habits showed the superiority 
of the latter plan for junior high school 
science. 


—A.W.H. 
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Science in the Senior High School 


Berry, Pautine G. “The First Year 
Chemistry Course”. Journal of Chemical 
Education 8: 1781-1815; September, 
1931. 

Chemistry teachers will find this a most 
useful article. A carefully worked out pro- 
gram for use of supplementary material 
contained in the Journal of Chemical Edu- 
cation and The Chemistry Leaflet is out- 
lined. The year’s chemistry work has been 
divided into weekly units in such a man- 
ner as closely to parallel the sequence of 
topics found in the usual high-school 
chemistry class. The topics selected for 
each week’s work are the result of an 
analysis of several high school textbooks. 
The outline for each week’s work includes: 
Material in Chemistry Leaflet devoted to 
a particular topic; related articles in past 
issues of Journal of Chemical Education; 
visual aids; motion pictures; and sug- 
gested chemistry club programs. 

C.M.P. 


BaLtteEw, AMER M. “Notebook Work in 
Biology and Training in the Scientific 
Method of Thinking.” School Science 
and Mathematics 31:822-826; October, 
1931. 

This article is a plea for less descriptive 
and more analytic drawings in the biology 
notebook. Laboratory exercises should be 
for the purpose of solving problems and 
this problem-solving attitude should be in 
evidence at all times. Laborious, encyclo- 
pedic notebook work should be abolished. 
The article was stimulated by, and is in 
keeping with Baird’s study of biology 
notebook work in New York State. 

—A.W.H. 


Monanan, A. C. “Science Instructors 
Take Account of Stock.” School Science 
and Mathematics 31: 849-852; October, 
1931. 

A plea for better equipped science labor- 
atories. 


A.W.H. 


Downinc, E. R. “Teaching Units in Bi- 
ology—An Investigation.” North Cen- 


tral Association Quarterly 5: 

March, 1931. 

This article gives an account of the 
teaching of four units in biology in seven- 
teen schools in the middle west, in order 
to determine the time necessary to pro- 
duce mastery in the unit. The units and 
tests are given in the article, together with 
scores of pupils from several schools. The 
“mastery curve” is obtained in a few cases. 
Results indicate that probably not more 
than eight or nine teaching units which 
are planned to develop the understanding 
of a principle of science can be taught in a 
school year to the point of mastery. A plea 
is made that colleges should prepare teach- 
ers to teach “consumer science” largely by 
means of a “demonstration method”, to 
develop ability to “think scientifically”, 
which is really ability to solve problems by 
applying the principles of science. 


—A.W.H. 
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Hurp, A. W. “Additional Studies Relating 
to Physics.” North Central Association 
Quarterly 5: 471-493; March, 1931. 
This article includes (1) a report on 

preliminary and final test records from 
fourteen instructional units in physics 
taught in 25 schools in 23 cities in 14 
states during the school year 1929-1930; 
(2) an analysis of responses to preliminary 
and final test items for one of these units, 
“Electric Lighting Systems”, with an ex- 
planation of a basis for eliminating or re- 
taining certain items for further use in 
experimentation seeking to discover better 
materials for instruction in high school 
physics; and (3) a summary of teacher 
opinion on some phases of instruction 
brought into question by the experimenta- 
tion. Some suggestions are made on how 
to secure more satisfactory achievement 
records and on the réle of experimentation 
in improving materials and methods of 
instruction. Concentration on a smaller 
number of teaching units for minimum 
essentials and a project program to care 
for individual differences are recom- 
mended. 


—A.W.H. 
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Fay, Paut J. “The History of Chemistry 
Teaching in American High Schools”. 
Journal of Chemical Education 8 :1533- 
1562; August, 1931. 

Chemistry has been an important offer- 
ing in the high-school curricula since the 
establishment of the first high school in 
3oston in 1821. The author briefly traces 
the history of chemistry teaching in the 
secondary schools. During the first three- 
quarters of the nineteenth century chem- 
istry teaching was superficial, but rather 
practical. This period was followed by one 
in which laboratory work tended to domi- 
nate and mental discipline became the 
commonly accepted aim. Social objectives, 
greater emphasis on practical applications, 
and better adaptation to the needs and in- 
terests of pupils have characterized the 
trends since 1910. 

C.M.LP. 


GuntTHorp, Horace. “Checking and Grad- 
ing Laboratory Drawings.” School Sci- 
ence and Mathematics 31: 846-848; Oc- 
tober, 1931. 

Suggestions on the author’s plan of cor- 
recting and grading biology laboratory 
notebook work during the laboratory 
period. 


—A.W.H. 


Hurp, A. W. “The Workbook as an In- 
structional Aid”. The School Review 
39: 608-615; October, 1931. 

This is a résumé of a study made to 
determine the value of the workbook as 
an instructional aid in teaching high school 
physics. The study involved sixteen physics 
experiments and 1,125 pupils of whom 
there were 280 pairs in matched groups. 
Pre-tests and final tests were given and 
the gains noted. Eight experiments showed 
consistent differences favoring the group 
using work sheets, three being significant 
to the degree of certainty. Four experi- 
ments showed consistent differences favor- 
ing the groups not using work sheets, two 
being significant to the degree of certainty. 
Two experiments showed little difference 
between groups using and not using work 
sheets. The author concludes that work 
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sheets tend to help pupils in situations like 
those studied, but that they are not in- 
dispensable. Workbooks seems to have the 
following values: (1) they are shown to 
be helpful to some teachers in increasing 
measured achievement, (2) they will not 
serve as a panacea to remedy all the inade 
quacies of present instruction, (3) they 
probably are particularly useful in direct- 
ing the attention of both pupils and teach- 
ers to specific items of knowledge, tech 
niques, and appreciations. 
C.M.P. 


LanceLot, W. H. “The Course in High 
School Chemistry.” North Central Asso- 
ciation Quarterly 5: 494-507; March, 
1931. 

This article suggests fourteen teaching 
units for a course in high school chemistry. 
One unit, “The Relation of Chemistry to 
Human Health,” is printed in full. Twenty 
teachers used this unit experimentally and 
“found it satisfactory”. Several comments 
of these teachers are given. They attest 
the “soundness and validity of the stand- 
ards for reorganization of high school cur 
ricula” which were followed in the devel- 
opment of the unit. 


A.W.H. 


PETERSON, HucH W. “Status of Chemical 
Education in Utah Senior High 
Schools”. Journal of Chemical Educa- 
tion 8: 2079-2086; October, 1931. 
Fifty schools replied to the question 

naire, 42 of which taught chemistry. Some 

of the findings were: 14 per cent of the 
high school students were enrolled in 
chemistry; 38 per cent of the chemistry 
teachers had an undergraduate major in 
chemistry; the median number of chem 
istry credits was approximately 33 quar- 
ter hour credits per teacher; in general the 
chemistry teachers have had considerable 
teaching experience; physics and algebra 
are the other subjects most commonly 
taught; very few young and no old teach 
ers are teaching chemistry; about one- 
third of the teachers devote 40 to 100 per 
cent of their time to chemistry teaching. 
—C.M.P. 





Watkins, R. K. and Bepert, R. C. 
Learning and Test Activities in General 
Science. New York: The Macmillan 
Company, 1931. 184 p. $0.60. 

This is a workbook with unit tests for 
use in general science classes. Thirteen 
units are suggested with definite topical 
headings. Learning exercises are given, to 
be used as pupils need them for an under- 
standing of the unit topic. Each unit in- 
cludes (1) “Additional Things To Do”; 
(2) “Suggested Reading”; and (3) “A 
Summary of Facts and Principles To Be 
Remembered.” In the last half of the book 
are given preliminary and final tests, re- 
spectively, for each unit. Content is bor- 
rowed from the fields of physical geog- 
raphy, biology, and physics primarily. 

The book will be helpful to many teach- 
ers in securing more satisfactory achieve- 
ment in general science. It is not too dif- 
ficult for average ninth-grade pupils in our 
public schools. The selection of topics 
might be criticized but the topics are, on 
the whole, good when compared with 
those usually offered. All references are 
to books other than general science text- 
books. Laboratory experiments are in- 
cluded. The tests are of the “new type” 
variety, there being several varieties of 
these tests used. Less use of uncompleted 
statements might improve the work ex- 
ercises. A.W.H. 


Mortt-SmitH, Morton. This Mechanical 
World. New York: D. Appleton and 
Company, 1931. 233 p. $2.00. 

The author has made a successful at- 
tempt to humanize physics, especially that 
part of it dealing with mechanics. His 





ability to explain the phenomena relating 
to machines without resorting to mathe- 
matical treatment ought to appeal to the 
high school boy or girl, or to the layman. 
Weaving his story around interesting his- 
torical incidents the author describes the 
methods by which the basic mechanical 
laws were derived. These basic principles 
have stood the test of time and are not 
in any danger of being displaced. An 
understanding of these principles enriched 
by an acquaintance with their historical 
setting, is necessary for a true appreciation 
of our machine civilization. 

The book is scientifically accurate and 
has a literary style that will appeal to high 
school students. It is recommended as a 
supplementary science reader for students 
who are studying mechanics in high-school 
physics. —C.M.P. 


SpINNEY, Louis Bevier. A Text-Book of 
Physics. New York: The Macmillan 
Company, 1931. 679 p. $3.75. 

This textbook is a revised edition of the 
author’s former text. In the preface, the 
author explains the changes which he has 
made. These are particularly in increased 
stress on applications and more detailed 
aids in solving problems. The organization 
on the whole, however, is quite conven- 
tional, but is free from the extreme mathe- 
matical and highly technical treatment 
used by many authors. It contains much 
content of a readable nature so that the 
student who is not mathematically in- 
clined may still feel capable of securing 
great benefits from the course which is 
based upon this text. 

Apparently, the author, from his teach- 
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ing experience, has observed some student 
dissatisfaction, incapacity, and disinterest 
in extremely conventional treatments of 
physics, and has attempted to overcome 
these deficiencies without adopting any 
really new organization or viewpoint. His 
large divisions are: Mechanics; Heat; 
Electricity and Magnetism; Sound; and 
Light. In the introduction, there is an ex- 
pressed intent to follow a logically de- 
veloped plan around the general topic of 
energy and energy transformations outside 
of chemical reactions. This intent has not 
affected the text organization or treatment, 
however. The problems are often highly 
theoretical—not always interesting to the 
practically-minded person. In the author’s 
mind, there is apparently a possibility of 
a radically different organization, but he 
has not thought it timely to break far 
away from the conventional understanding 
of the college course in physics. 

The book will make a good college text 
of the conventional sort, but is not essen- 
tially unlike many others now obtainable. 

—A.W.H. 


Krenerick, H. Crype, A Manual of Ex- 
periments and Projects in Physics, New 
York: D. C. Heath and Company, 
1931. 184 p. $0.84. 

This laboratory manual of experiments 
and projects in physics has been written 
“to be used when there is perfect cor- 
relation between laboratory work and 
classroom discussion—not as a laboratory 
text but to accompany a text.” The list 
of experiments, sixty-four in number, 
found in Part I, includes those usually 
found in physics laboratory manuals. Part 
II contains a list of twenty-one projects 
which deal more specifically with such 
practical aspects of physics as measuring 
the efficiency of various kinds of heaters, 
stoves, motors and flatirons. Some atten- 
tion is devoted to the study of the auto- 
mobile. Optional experiments are listed 
after each of the required experiments. 

—C.M.P. 


BROWNELL, HERBERT. Physical Science. 
New York: McGraw-Hill Book Com- 
pany, 1931. 313 p. $2.50. 

This book was written to serve as an 
introduction to more technical courses in 
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physical science in teachers colleges and 
normal schools. It is organized into eight 
units representing various phases of physi- 
cal science, although the units have not 
been named. Each unit consists of one or 
more chapters. Some units are based upon 
materials from physics; others from chem- 
istry, physical geography, geology, and so 
on. There are additional units touching on 
general topics of educational interest, such 
as the achievements of science and edu- 
cational values of science teaching. The 
appendices include useful supplementary 
materials on the wonders of the world, 
notable events in aviation, biographies of 
men of science, lists of books and periodi- 
cals, laboratory exercises, comments on 
teaching aims, and a vocabulary of new 
terms used in the book. 

The style is natural, interesting, and 
easy for a mature, non-technical reader 
It avoids the difficulties of higher mathe- 
matics and highly technical phraseology. 
It is, however, accurate and may be de- 
pended upon to give a good orientation, 
especially for teachers of general science. 
It represents a pioneering effort in general 
science on the college level in physical 
science only. 

The good points of the book are: (1) 
it gives a general overview of general sci- 
ence; (2) it appeals to the interests of 
all; (3) it vitalizes science because it em- 
phasizes the many ways in which science 
touches the daily life activities of all; 
(4) it apprehends the new conception of 
education for everybody; (5) it is for- 
ward-looking because it shows a com- 
mendable breaking away from outgrown 
viewpoints; (6) it is a relatively new at 
tempt in the field, but one which will be 
welcomed by hosts of people; (7) it will 
help to prepare teachers of science, espe- 
cially teachers of elementary and junior 
high school science; (8) it will help in 
fitting all science teachers to reveal the 
field of science in general to their pupils; 
(9) it popularizes science, making it un- 
derstandable to all. 

The author gives evidence of his train- 
ing in conventional science and should be 
commended for his departure from the 
rigidly conventional organization. 


—A.W.H 
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Hunter, Georce W. and WHuitrorp, 
Rosert Carvin. Readings in Science. 
New York: The Macmillan Company, 
1931. 283 p. $1.60. 

Teachers of English who have been 
eager to give their students as many 
vicarious experiences as possible in the 
style and technique of literature have been 
handicapped by the lack of available and 
suitable scientific reading matter. Science 
teachers, too, who have desired greater 
correlation between the science and Eng- 
lish courses have felt this same handicap 
in suggesting science reading material suit- 
able for English classes. 

Readings in Science consists of a se- 
lected series of essays from the literature 
of natural science. The essays were se- 
lected on the basis both of their recog- 
nized literary merit and of their scientific 
value. The authors believe that the essays 
will prove useful to two groups of stu- 
dents: (1) those interested in science who 
can be guided to make explorations for 
themselves in the wealth of authoritative 
science literature now available; (2) the 
students using this material in their fourth 
year English course. Biographical and 
critical notes together with supplementary 
questions, exercises, and suggested read- 
ings are included. A brief biography of 
the author precedes each essay. Selections 
are included from the following authors: 
Newcomb, Slosson, Smalley, Darwin, Val- 
lery-Radot, Stefansson, Thomson, James, 
Huxley, Shipley, Beebe, Muir, Sharp, 
Thoreau and White. —C.M.P. 


Taytor, GrirFitH. Antarctic Adventure 
and Research. New York: D. Appleton 
Company, 1930. 245 p. $2.00. 

Much attention has been directed in re- 
cent years to Antarctic explorations and 
research. The feats of Scott, Amundsen, 
Byrd, and others make a thrilling sequel 
to those adventuresome explorers of the 
past. There is this difference, however: 
while those of a former day were urged 
on primarily by a love of adventure, fame, 
or material gain, the latter explorers have 
had more of a scientific research motive. 

Why should a continent which is wholly 
covered with ice and snow, and which 
probably will never become the perma- 
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nent habitation of man nor have eco 
nomic importance, be the object of so 
much painstaking research? Not only will 
research reveal much of the geological his 
tory, climate and geography of this vast 
and practically unknown continent, but 
a study of meteorological data will add 
much to our knowledge. A study of the 
rocks, flora, and fauna will give con- 
siderable information about the past his 
tory of the earth, the probability of all 
the continents having been joined together, 
the probability of the tetrahedral theory 
of continental balancing, and of great 
climatic changes in the past. 

The author, who is a professor of geog- 
raphy in the University of Chicago, was a 
member of Scott’s last expedition to the 
Antarctic in 1910-1913 during which Scott 
reached the South Pole in January, 1912. 
The book is a popular but authoritative 
account of various expeditions that have 
carried on research in the South Polar 
regions. —C.M.P. 


Marmer, H. A. The Sea. New York: D. 
Appleton and Company, 1930. 312 p. 
$3.00. 

In this book, the author has written a 
popular survey of all that scientific re- 
search has discovered about the sea. It is 
written for the layman and interprets for 
him one of the most profoundly fas- 
cinating aspects of the world in which we 
live. What do scientists know about the 
lost continent of Atlantis? the voyage of 
Leif the Lucky? the Sargasso Sea? the 
great deeps of the sea? the bottom of the 
sea? the Gulf Stream? the breaking effect 
of tides? the actual height of waves? 
variations in sea-level? icebergs of the 
Arctic and Antarctic? 

Marmer, who is Assistant Chief of the 
Division of Tides and Currents of the 
United States Coast and Geodetic Survey, 
has made a lifetime study of the sea in all 
its varied aspects. His book is recom- 
mended as a popular reference book to 
those who desire authoritative informa 
tion regarding the sea. Chapter headings 
are: “The Sea of Ancient Times,” “The 
Crossing of the Ocean,” “Legendary Isles,” 
“The Sargasso Sea,” “The Northwest 
Passage,” “The Attainment of the Poles,” 
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“The Extent of the Oceans,” “The Depths 
of the Sea,” “The Bottom of the Sea,” 
“The Level of the Sea,’ “The Surface 
Waters,” “‘The Water of the Depths,” “Ice 
in the Sea,” “Waves of the Sea,” “The 
Tide,” “Tidal Currents,’ “Ocean Cur- 
rents,” “The Gulf Stream,” ‘““The Science 
of the Sea.” C.M.P. 


Macoun, F. ALexANDER and Hopcins, 
Eric. A History of Aircraft. New York: 
McGraw-Hill Book Company, 1931. 
495 p. $5.00. 

This book is probably the most com- 
plete history of aircraft that has been 
written up to the present time and may 
be used either as a textbook or reference 
book. For the latter purpose it will serve 
a most useful purpose in the high-school 
science library. It is difficult to conceive 
of any boy or girl who is at all interested 
in science or aviation not thoroughly en- 
joying the book. 

As the authors state “this book is essen- 
tially a record of failures. More than half 
of its pages are concerned with attempts 
at flights which ended in disappointment 
and often disaster.” However, final suc- 
cesses were built upon these failures. To 
record only the former would not present 
a true history of aviation. 

A complete history of all types of air- 
craft is included: balloons, airships, orni- 
thopters (flapping wings), helicopters, 
gliders, and airplanes. There are 155 illus- 
trations, together with an invaluable ap- 
pendix. The appendix gives a chronological 
record of all airplane and balloon records 
as to duration, speed, altitude and dis- 
tance. The chronology of flight record be- 
gins with 400 B.c. and concludes with the 
Post-Gatty circumnavigation of the globe. 
Nearly six hundred dates are recorded. 

C.M.P. 


Leiru, C. K. World Minerals and World 
Politics. New York: McGraw-Hill Book 
Company, 1931. 213 p. $2.00. 

This book embodies a factual study of 
minerals in their political and international 
relations. At no time in history has the 
distribution of the world’s mineral re- 
sources been at greater importance than it 
is today. The author, who is a well known 
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geologist has made an extensive study of 
the mineral resources of the world. 

The author believes that the United 
States has been particularly fortunate in 
the distribution of mineral resources. The 
United States has sufficient deposits of 
practically all of the important minerals, 
such as sulfur, coal, phosphates, copper, 
iron, lead, zinc and gypsum. The minerals 
for which the United States is wholly or 
mostly dependent upon the rest of the 
world are: antimony, chromite, potash, 
nanganese, tin, asbestos and nitrates. The 
author discusses the distribution of min 
erals, the possibility of exhaustion of 
present mineral deposits and the discovery 
of new mineral districts, probable changes 
due to technology and to substitutions, the 
mineral position of the nations, and other 
subjects. 

The book is recommended for use as a 
reference book in chemistry and physical 
geography classes and to those who are in 
terested in an authoritative discussion of 
this vitally important subject. 

C.M.P. 


Mou ton, Forest Ray. Astronomy. New 
York: The Macmillan Company, 1931. 
549 p. $3.75. 

The author attempts to unfold the sub 
ject of astronomy by proceeding, step by 
step, from the familiar earth and evening 
constellations out to galaxies and super 
galaxies of stars. That he accomplishes 
his purpose is evident from a study of 
the table of contents, whose chapter head 
ings include: “Preliminary Considera- 
tions,” “The Constellations,” “Telescopes,” 
“The Earth,’ “The Motions of the 
Earth,” “Time,” “The Moon,” “Eclipses,” 
“The Law of Gravitation,” “The Solar 
System,” “The Planets,” “Meteors and 
Comets,” “The Sun,” “Evolution of the 
Solar System,” “Stars and Nebulae,” and 
“The Siderial Structure.” Twenty-two 
tables and two hundred thirteen photo 
graphic illustrations are included. Ques 
tions and references are found at the end 
of each chapter. 

Attention is given to the historical as 
pects of astronomy, as well as to more 
recent progress in this field, such as the 
discovery of the planet Pluto, tests of the 
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theory of relativity, the size of the uni- 
verse, and the origin of the solar system. 
The author proceeds systematically from 
fundamental principles and observational 
data to some important final conclusions. 
The mathematical phases of astronomy 
have been reduced to a minimum. Be- 
cause of its readability, excellent tables, 
and splendid photographs, the book 
should appeal to all teachers and laymen 
interested in the subject of astronomy. 
-C.M.P. 


Hurp, A. W. Work-Test Book in Physics. 
New York: The Macmillan Company, 
1930. 148 p. $0.64. 

The last two decades have witnessed a 
steady decrease in the percentage of sec- 
ondary-school students enrolled in high 
school physics. In 1915 the percentage of 
students pursuing physics in the public 
high schools of the United States was 
14.2, whereas in 1922 it was 8.9, and in 
1928 it was 6.9. Why has physics enroll- 
ment failed to keep pace with the rapid 
growth in enrollment in our high schools? 
Science teachers and those interested in 
science education would welcome a defi- 
nite answer to this question. Surely a 
knowledge of physics has not become of 
less importance in our so-called scientific 
age. The reasons for this decline in phys- 
ics enrollment are probably numerous. 
Many will agree with the reviewer that 
our methods of teaching need to be 
changed and that present-day physics 
textbooks are probably the most poorly 
written of our secondary science text- 
books. 

Any change or device that promises 
better teaching of physics should be wel- 
comed. The Work-Test Book in Physics 
by Hurd is a step in the right direction. 
The author has devoted many years of 
study in seeking a solution of the prob- 
lem of improving physics teaching. The 
workbook is an outcome of this research. 
Dr. Hurd believes that we are attempt- 
ing to cover too much ground in the 
average physics course with the result that 
most students are not getting sufficiently 
clear and definite concepts. More time is 
necessary in the formation of concepts, 
and our objectives should be more spe- 
cific. 
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Each of the nineteen units in the work- 
book is based upon some common every- 
day applications of physical laws. Aims 
stated as sociological objectives—health, 
social, avocational, and vocational, to- 
gether with textbook references, supple- 
mentary reading, and suggested project 
work—are given in each unit. A test cov- 
ering the subject-matter of each unit is 
included. 

—C.M.P. 


STETSON, HartaAN True. Man and the 
Stars. New York: McGraw-Hill Book 
Company, 1930. 221 p. $2.50. 

In Man and the Stars, the author pre- 
sents the story of the adventure of as- 
tronomy, from the days when primitive 
man began to ask himself questions about 
the meaning of the heavens through the 
work of the great pioneers of the science 
to the present day, with its staggering 
conceptions of the magnitude of the uni- 
verse. The historical emphasis, which in- 
troduces a human touch to the story of 
astronomy, and a lucidly vivid literary 
style free from cumbersome scientific ter- 
minology, should give this book a wide 
appeal to laymen and to high school sci- 
ence students. 

The author is Director of the Perkins 
Observatory of Ohio Wesleyan Univer- 
sity. The book is divided into four parts. 
In Part One, “Looking Skyward,” the 
author traces astronomy from its earliest 
beginnings through the Ptolemaic system 
of wandering stars. In Part Two, “Chang- 
ing Concepts,” the work of Copernicus, 
Kepler, Galileo, Newton, Herschel, and 
others is interestingly portrayed. The third 
part which deals with “The Changing 
Universe” discusses such topics as, atoms 
and stars, the birth of astrophysics, sur- 
veying the universe, our changing sun, 
and cosmic clouds. Part Four treats three 
questions which man is trying to answer: 
Is There Life on Other Planets? Has Life 
Any Cosmic Significance? Has Science 
Displaced Religion ? 

C.M.P 

SHApPLEY, Hariow. Flights from Chaos: 
New York: McGraw-Hill Book Com- 
pany, 1930. 168 p. $2.50. 


The thesis of this book was presented 
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in a series of lectures given in New York 
City during the latter part of 1929. The 
author, who is Payne Professor of As- 
tronomy and Director of the Harvard 
Observatory at Harvard University, is one 
of the world’s leading astronomers. In 
this book he sets forth, for layman and 
scientist alike, his daring conception of 
order in the apparent chaos of the uni- 
verse. The author presents a general and 
complete classification of all organizations 
—quanta, electrons, atoms, molecules, or- 
ganisms, planets, stars, galaxies and super- 
galaxies—into a unified scheme which 
points the way to many new interpreta- 
tions, opens up a panorama of the ma- 
terial universe, evaluates man’s place in 
the physical world, and leads to a clearer 
concept of the cosmoplasma. A summary 
of the author’s classification of material 
systems, as well as the diameters and num- 
ber of particles in each system, is found 
in the latter part of the book. 

The book is calculated to give material 
for thought as the reader attempts to 
visualize man’s relationships to the infi- 
nitely small and the infinitely great. The 
author brings the order of a unified classi- 
fication out of what seems to be a chaos 
of more or less remotely related systems. 

—C.M.P. 


BROWNLEE, RayMonpv B., FuLLER, Ros- 
ERT W., Hancock, WILLIAM J., SoLion, 
Micwaet D., and Wuirsit, Jesse E. 
First Principles of Chemistry. New 
York: Allyn and Bacon, 1931. 774 p. 
$1.80. 

While this book is based on Elemen- 
tary Principles of Chemistry by the same 
authors, it is not a revision of the earlier 
text. The social service of chemistry, 
chemical principles, and recent develop- 
ments that are now influencing the teach- 
ing of chemistry receive increased em- 
phasis. Learning exercises have been dis- 
tributed throughout each chapter rather 
than: at the end. Four sets of short-an- 
swer questions, each covering the subject 
matter of certain chapters, are included 
at intervals in the book. 

Metals receive a very interesting and 
novel treatment. Instead of being taken 
up one by one they are presented in chap- 
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ters dealing with their extraction, physi- 
cal characteristics, chemical reactions and 
alloys. The electron theory is introduced 
early and is used throughout the book. 
There are 367 illustrations, many of which 
are line drawings labeled on the cut, a 
feature which adds much to their use- 
fulness. The illustrations are clear-cut and 
seem to be well chosen. 

Although the text appears to be un- 
duly large, most of the increased space 
has been taken up by the added illustra- 
tions, learning exercises, and general tests. 

The authors are high school chemistry 
teachers with long and successful experi- 
ence. The practical knowledge they have 
gained is the basis of a book which merits 
the continuation of the unusual success 
accorded their previous text. 

-~C.M.P. 


BROWNLEE, RAyMonp B., FuLLER, Ros- 
ERT W., Hancock, WILLIAM J., SoLion, 
Micuaet D., and Wuirsit, Jesse E 
Laboratory Exercises in Chemistry. New 
York: Allyn and Bacon, 1931. 282 p 
Although Laboratory Exercises in Chem 

istry is a revised edition, it is to be used 

with the authors’ text First Principles of 

Chemistry. Two commendable changes 

have been made in the new revision. It 

contains a complete set of tests covering 
the entire content of the text, and the 
pages have been increased in size so that 
more space is available for writing the 
answers to questions. Eighty-four experi- 
ments are described in the manual. 
C.M.P. 


Hoimes, Harry N., Introductory College 
Chemistry, New York: The Macmillan 
Company, 1931. 550 p. $3.25. 

The revised edition of the author's well 
known text is intended to bring the sub 
ject-matter up-to-date. Recent progress in 
industrial processes is emphasized. These 
processes include the hydrogenation of pe- 
troleum, the newer methods of making 
industrial alcohol, the Bergius’ process of 
liquefaction of coal, and the present meth- 
ods of nitrogen fixation. The electron con- 
cept of the atom, introduced in the sec- 
ond chapter, is used continuously through 
out the book. One chapter deals wholly 
with the structure of matter. References 
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and questions are included in each chap- 
ter. 

Although the book is intended for col- 
lege students who have not had high 
school chemistry, other students will not 
find it a dull repetition of their high- 
school text. The readable type, simple, 
non-technical style, chapter study outlines, 
references readings, and up-to-date sub- 
ject matter should assure this volume a 
continuation of its previous success. 


C.M.P. 
FInDLAY, ALEXANDER. The Spirit of 
Chemistry. New York: Longmans, 


Green and Company, 1930. 480 p. $3.00. 


Although the title indicates that the 
book is a popular treatise of chemistry, it 
is really a textbook. It is intended for 
those college students desiring a cultural 
course rather than professional or techni- 
cal training. The purpose of the book is 
not so much to impart a detailed knowl- 
edge of the subject as to create a scientific 
spirit, a spirit of toleration, cooperation, 
intellectual adventure, and _ intellectual 
honesty. 

The author is a professor of chemistry 
at the University of Aberdeen and is well 
known for his earlier text, Chemisiry in 
the Service of Man. It is interesting to 
note that some English chemistry pro- 
fessors as well as American professors be- 
lieve that courses in chemistry should be 
differentiated for those pursuing profes- 
sional courses and those that are unlikely 
to continue further in a study of chem- 
istry. The author has attained unusual 
success in the course given by him at the 
University of Aberdeen, which is the basis 
for this text. 

The chapter headings of the first few 
chapters in the text indicate the varia- 
tion from the usual introductory subject 
matter. A few of these chapters in order 
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are: “The Aim and Method of Science,” 
“The Twilight of Chemistry,” “The Dawn 
of Chemistry,” “The Fundamental Laws 
of Chemistry,” “Atomic Weights and the 
Periodic Law,” “Radioactivity and Atom- 
ic Constitution,’ “The Three States of 
Matter.” The electron theory of the 
structure of matter receives little consid- 
eration and is not used in developing the 
subject-matter. The style and method of 
treatment are reminiscent of other Eng- 
lish textbooks in chemistry. Those inter- 
ested in making a comparison of English 
and American texts as to subject matter, 
method of treatment, and style, will find 
this a worthwhile text to examine. 
—C.M.P. 


WEED, CLARENCE M. Insect Ways. New 
York: D. Appleton and Company, 1930. 
325 p. $2.50. 

In Insect Ways a series of interesting 
tales about many of the common insects 
round about us are told by a well-known 
scientist story-teller. The author relates 
how ants, bees, butterflies, grasshoppers, 
wasps, beetles and other insects adapt 
themselves to their environment: how 
they secure their food, establish a home, 
care for the young, communicate with 
each other, protect themselves from ene- 
mies, and pass the winter. Some insects 
are parasites, some are cannibals, some 
are artists in camouflaging themselves, 
some live by mimicry, some have slaves, 
some have cows, some have communistic 
social life—all are interesting and have 
important economic relations. 

Biology students and elementary science 
teachers will find Insect Ways a delightful 
source of information, the former as a 
supplementary reader and the latter both 
as a reader and as a source of stories to 
tell children. 

C.M.P. 


















The annual meeting of the National As- 
sociation for Research in Science Teach- 
ing will be held at Washington, D.C., on 
February 22 and 23. The February issue 
of Science Epvucation will contain a 
complete program of the meetings. 


Dr. Georg Roemmert is offering in the 
Department of Natural Sciences at Teach- 
ers College, Columbia University a series 
of seven lectures in which he is demon- 
strating the possibilities of micro-projec- 
tion of living organisms and presenting his 
methods of procuring and handling or- 
ganisms for projection purposes. Dr. 
Roemmert has developed an unusually 
fine technique in projection work which 
makes it possible for him to show on the 
screen many of the fundamental activi- 
ties of living organisms. 


A section of E lementary Science of the 
Iowa State Teachers Association was 
formed on November 13, 1931. The pur- 
pose of the organization is to study cur- 
ricular and other problems relating to sci- 
ence in the kindergarten and the first six 
grades of the elementary school. 

The following officers were elected: 
president, Lillian Hethershaw, Drake Uni- 
versity, Des Moines, Iowa; vice-president, 
Jewel Cutler, Des Moines, Iowa; secre- 
tary-treasurer, Romaine Startzer, Newton, 
Iowa. 


For the past year Mr. W. W. McSpad- 
den of the Austin, Texas, Public Schools 
and Mr. C. C. Raines of the University 
of Texas have been engaged in the prepa- 
ration of an inexpensive talking-picture 
outfit to be used in schools. 


The Febru- 





announcements 


ary issue of Science Epucation will con- 
tain a simple, non-technical description of 
this outfit which is reported to give re- 
sults superior to those obtained by the 
more expensive commercial outfits now 
on the market. 


Professor J. O. Frank has during the 
past two months addressed three State 
Teachers Association as follows: Indiana 
at Indianapolis on October 22, Ohio at 
Cincinnati on October 30, and Wisconsin 
at Milwaukee on November 6. Readers 
of Science Epucation will be interested 
to know that Professor Frank has pub 
lished his new book The Teaching of High 
School Te 

The Enoch Pratt Free — at Bal- 
timore, Maryland, has recently issued, in 
collaboration with the American Associa- 
tion for the Advancement of Science, a 
series of book lists in various aspects of 
the field of science. Each list represents 
carefully selected references chosen by a 
committee of specialists in the particular 
field. Some of the titles of the lists which 
have appeared are as follows: “Science 
in the World Today,” “The History of 
Science,” “Exploring for Science,” “‘Won- 
ders of the Sky,” “The Earth and its 
Wonders,” “Chemistry of Today,” ‘“Mod- 
ern Physics,” and “Biology the Science 
of Life.” Twenty-three lists have been re- 
ceived; others are in preparation. One of 
the forthcoming lists includes references 
on the teaching of science. 


Dr. S. Ralph Powers of Columbia Uni- 
versity and Dr. Morris Meister of the 
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New York Teacher Training College ad- 
dressed science sections of the Wisconsin 
State Teachers Association at their meet- 
ings during the first week in November. 


The Lafayette Air Cadets of the Lafay- 
ette Junior High School, Elizabeth, New 
Jersey, have recently celebrated their fifth 
birthday. This organization is one of the 
very active and enthusiastic clubs devoted 
to aircraft. The work of the club will be 
discussed in a later issue of Science Epv- 
cATIon. Our readers should not fail to see 
this article. 


Miss Helen Dolman of the Ypsilanti, 
Michigan, Teachers College is at present 
carrying on her work for the Doctorate 
at Cornell University under the direction 
of Professor E. Laurence Palmer. 


The new officers of the Department of 
Science Instruction of the National Edu- 
cation Association, elected at the summer 
meeting at Los Angeles, are as follows: 
President, Charles Lincoln Edwards, Los 
Angeles Public Schools, Los Angeles, Cali- 
fornia; secretary, W. L. Eikenberry, New 
Jersey State Teachers College, Trenton, 
New Jersey. 


[Vor. 16 No. 2 


The American Nature Study Society 


will hold its thirty-fifth annual meeting 
during the Christmas holidays at New 
Orleans, Louisiana. A feature of the meet- 
ing this year will be an extensive exhibit 
of nature and elementary science materials. 


Dr. S. M. Troxell of the University of 
Illinois, lately on a research fellowship at 
the U. S. Bureau of Standards, has begun 
work in the Science Department of the 
Trenton, New Jersey, State Teachers Col- 
lege. His particular interest in the new 
position will be with the physics and 
chemistry courses offered in this institu- 
tion. 


Mr. J. L. Cooprider, head of the Sci- 
ence Department, Central High School, 
Evansville, Indiana, is offering during the 
year, for the third time, a course in ap- 
plied chemistry. The course is intended 
primarily for nurses. It was formerly of- 
fered in the evening schools of the city 
but was dropped for lack of funds. The 
local hospitals appealed to the Board of 
Education for the re-instatement of the 
course and are now providing over sev- 
enty students in the course. 





